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PREFACE. 



A FEW words are necessary in explanation of the re-issue of 
a work which appeared so long since as 1851. It has arisen 
from the circumstance that a sufficient number of the Plate 
which accompanied the work were not struck oflf at first, and 
the engraved Plate having been accidentally destroyed, an 
incomplete remainder of the work was left over ; while owing 
to the fact that the transverse section passing under London 
(one of the sections shown on the Plate) subsequently proved, 
for the reasons given in the following pages, to be incorrect, 
it was not thought desirable to reproduce the Plate. It was, 
however, somewhat too readily assumed that the error applied 
also to the longitudinal section of the London Basin. But 
later researches have shown that the range of the Palaeozoic 
rocks under the London Basin is limited, and that the section, 
so far as it relates to the western portion of the district, to- 
gether with the inferences originally drawn from that fact, 
still hold good. In view of this rectification, and in the 
belief that the Lower Greensand may still be looked upon in 
a given area as a source of considerable water-supply, I am 
induced to issue this supplementary edition, omitting the 
Plate, and adding a few pages of new matter. This I do 
the more readily, as the observations regarding the Chalk 
originally made are still substantially correct. 

JOSEPH PRESTWICH. 

Shoreham, Kent, 
May, 1896. 
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Since the original publication of this work the many deep 
wells sunk in the London Basin have shown that the Lower 
Greensand^ which there was then reason to suppose extended 
under the whole of the London Basin^ has a more limited 
range, and that under great part of the centre of the Basin 
the Lower Greensand is absent, the Chalk and Gault there 
resting on an old floor of Palaeozoic rocks. The remarks, 
therefore, respecting the possibility of the Lower Greensand 
proving a source of an extensive water-supply no longer hold 
good. Those, however, respecting the supply from the wells 
and surface-springs of the Chalk are. still applicable. 

Thus, although the prospect of the larger supply from the 
Lower Greensand has had to be abandoned, a lesser supply 
from that source may yet be looked for. That this formation 
extends under the Chalk for a certain distance from its out- 
crop, there can be no doubt. In Kent it has been met with 
at Shoreham at a distance of 4 miles from its outcrop, and 
at Strood and Chatham of 7 miles ; whilst in Berkshire it 
has been more recently proved to extend as far as Wingfield, 
near Ascot, or 16 miles from its southern outcrop and well 
in the centre of the Tertiary Basin. 

There is thus a belt of variable width of Lower Greensand 
encircling a barren area of Palaeozoic rocks, of which latter 
London is the centre, and having a diameter of some 20 miles 
with a depth from the surface of from 850 to 1450 feet. 
The wells reaching to those old rocks have been described 
by Mr. W. Whitaker, F.R.S., in his ^ Geology of London ' ^, 

* ' Memoirs of the Geological Survey,' 1889. 
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from which work I have taken the following list, omitting tLc 
details of the superincumbent strata. 

List of the deep Borings in the London Basin in which the 
Palaozoic and Mesozoic rocks beneath the Tertiary and 
Cretaceaus Strata have been reached. 



Height above 
Ordnance Datum. 


Locality. 


Depth of 

Boring. 


Formation reached. 


feet. 
6 


Harwich 


feet. 

1098 

905 

10(50 

832 
1010 
1146? 
1302 

abt. 1446 

1081 


Carboniferous rocks. 

Jurassic strata. 

Red marl, sandstone, 
clay, &c., Trias ? * 

Upper Silurian. 

Devonian. 

Devonian. 

Clay, sandstones, 
chiefly red, Trias?* 

Red marl and sand- 
stone, ? Trias. 

Lower Jurassic. 


IS 
6 


Chatham Dockyard . . 
Crossness 




Ware 




Cheshunt 


about 85 
17 


London (Meux & Co.). 
Kentish Town 

Richmond 


110 


Streatham Common . . 



In addition to these, the great trial boring lately made 
at Dover has proved the existence of the Coal Measures at 
a depth of 1113 feet beneath the Chalk, Lower Greensand, 
and Oolitic strata. 

On the other hand, water-bearing Lower Greensand beds 
have been reached under the Tertiary strata and the Chalk 
at the following places : — 



Height 
above O.D. 



Locality. 



feet. 
194 

15? 

SO 

218 



Shoreham, Kent 

Strood. Kent 

FrindsDury, Kent 

Loughton, Essex 

Winttield, near Ascot, Berks 



Depth to 
Lower Greensand. 

feet. 

449 

842 

810 
1096 
1234 



♦ I should be inclined to place these beds in the Devonian series or as 
the equivalent of the Old Red Sandstone, as exhibited at Frome and in 
Artois. — J, r. 
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It is evident, therefore, although the Lower Greensand 
does not extend under \he whole of the London Basin, that 
it does extend under the Chalk and Tertiary beds to some 
distance from their outcrop. How far, still remains to be 
proved. Its limits have not yet been defined . The important 
question, however, is, what is likely to be the water-supply 
capacity of this belt of Lower Greensand ? To judge from 
the supply hitherto obtained from this source, little would be 
expected. But in reality past experience affords no criterion. 
Within the London Basin the Lower Greensand had been, 
before 1893, tapped in a very few places, and those not 
favourably situated. Nevertheless, water was obtained at 
four out of the five borings, namely at Shoreham, Strood, 
Frindsbury, and Loughton, but in no large quantity. This 
might be expected from the thinning out of the Lower Green- 
sand against the Palaeozoic rocks on the south side of the 
Thames, and from the slight difference of level between the 
surface at Loughton and the surface-outcrop of the Lower 
Greensand to the north of that area. At Shoreham, where 
a larger supply might have been expected, the attempt to 
remove the sand from the pipes was not successful. 

There would be a better chance of success in the low 
grounds on the north slope of the Chalk range in Surrey, 
where the level of the surface is considerably lower than that 
of the Lower Greensand range to the south, and where the 
latter formation attains large dimensions. We need not, 
however, speculate on what might be the result in that area, 
for the recent boring at Winkfield affords ample proof that 
there exists in the western division of the Basin a large 
underground source as yet untapped except at that one place. 
This important boring, finished in 1893, was made at New 
Lodge, a short distance westward of Ascot, and near the 
outcrop of the base of the Bagshot sands ; the height of the 
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ground there being 218 feet above the sea-level (O.D.). It 
passed through the following strata ♦ :— 

feet. 



214 



Tertiary, j^^^^^^-^^^ \:"V\ [ 

( Lower London Tertianes i 

r Chalk (Upper and Lower) 726 

Cretaceous) Upper Greensand 31 

strata. . Qault Clay 264 

V Lower Greensand 7 



1241 



The site, however, was unfavourable for testing the full 
value of the Lower Greensand, as, owing to the thickness of 
the strata traversed, the bore-hole, which commenced with a 
diameter of 7^ inches, was reduced at the bottom to a 
diameter of only 1^ inch. The height of the surface also 
rendered the hydrostatic pressure much less than it would 
have been in a lower situation. Nevertheless the pressure 
proved sufficient to force the water 7 feet above the surface 
of the ground, and to lead to a delivery of nearly 3000 
gallons in the 24 hours. 

Considering the height to which the Lower Greensand hills 
rise in the Godalming and Hindhead district, and the thick- 
ness it there attains, there is, I consider, little doubt but that 
with a bore-hole of larger diameter and a site a hundred feet 
or more lower, a very large supply of water might, as I ori- 
ginally anticipated, be obtained from this source, as in the 
instance of the wells in the Paris Basin, where, notwith- 
standing the distance of the outcrop and the sandy base, the 
Grenelle well continues to deliver the same large supply it 
furnished in 1841. 

* Professor E. Hull, Quart. Journ. Geol. Soc. for May, 1894, p. 152. 
The section is given in fuller detail by Mr. W. Whitaker, F.R.S., of the 
Geological Survey, in the Journal for August of the same year, p. 488. 
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Mr. Whitaker* states that the water is very free from 
organic impurities, and that it is of only 3 degrees of hard- 
ness. It contains, however, 61*74 grains per gallon of 
dissolved inorganic matter, but of these 43*37 grains consist 
of common salt. This is a very unusual proportion, though 
scarcely perceptible to the taste. With a free discharge of 
the water the extraneous matter would gradually become less 
and the water purer. But this would be a work of some 
time. 

In conclusion, I see every reason to believe that, though 
more limited in its area, there is still a large available 
source of water-supply from the Lower Greensand in districts 
westward of Leatherhead and Windsor ; while a lesser supply 
may be found in the narrovjr belt above named in the more 
eastward parts of the London Basin. 

* See p. 499 of his paper in the Quart. Journ. Geol. Soc. for full 
particulars of the boring and details of the water-analy8is, with remarks 
on the purposes for which the water is fitted. 
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I.— INTRODUCTORY OBSERVATIONS. 



§ 1. Object of the work. — General view of the subject. 

1. The attention of the author was first directed to the 
subject of the present work by the apparent want of sufiicient 
geological information bearing upon the question of '' Artesian 
wells,'' and by the uncertainty as to their capabilities and 
value, which seemed to prevail in the discussions of the many 
plans brought forward in the course of the last few years, for 
the better supply of water to the metropolis. 

Some acquaintance with the Geology of the district, which 
had led incidentally to an examination of the Artesian wells, 
joined to the general interest of the subject, was the cause of 
his engaging in this inquiry; not, however, with any purpose 
of treating it in that detail which the special nature of the 
subject would require, but rather with the hope of calling 
attention to the practical application of Geology in an im- 
portant economical question, and of establishing some general 
principles which may serve to guide to ftirther and more 
exact investigations. 

Although since the commencement of this work the several 
districts have been visited by the author with reference more 
especially to the object he has had in view, the greater part 
of the observations recorded in the following pages are the 

B 
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result of inquiries originally directed to questions of pure 
Geology in connection with the age and relations of the 
Tertiary strata around London; and having been made 
without any anticipation of their present application, there 
are many points which are not entered upon so fully as 
otherwise they might have been. But still it is hoped 
that the general details which are given of the physical 
Geology of the district may prove of some utility, and 
that they may direct attention to the probability of ob- 
taining at London, by means of a fresh system of deeper 
Artesian wells, a very much larger and better supply 
of water than that furnished by those which exist at pre- 
sent.* 

2. The limpidity and freedom from organic impurities of the 
deep well water in the London Tertiary district,t and its 

• It would be difficult to account for the generally unfavourable opinion enter- 
tained regarding Artesian wells as a means of public supply, were it not that 
the annually decreasing yield of water from the Tertiary sands, and the chalk, 
beneath London, has produced an impression of uncertainty as to all such sources 
of supply ; which, with the constantly increasing expense caused by Iho depth from 
which the water has to be pumped, and the proportion of saline ingredients being 
80 much greater in these than in the river waters, have been taken as sufficient 
grounds of objection. But it is to bo observed, in explanation of the diminished 
supply from the present sources, that the Tertiary sands are of very limited dimen- 
sions, that the chalk is not a freely permeable deposit, and that tho peculiarities 
of the saline ingredients depend upon the chemical composition of these formations. 
All these causes, however, are local, and can by no means be considered as grounds 
of objection against the system of Artesian wells generally. 

+ For various opinions with regard both to quality and quantity, see, — Dr. nuck- 
land's Bridgewater Treatise, p. 564, — Prof. Brando, in tho Journal of tho rheiniciil 
Society, Vol. II. p. 345, — Prof. Graham, in tho Memoirs of tho Chnnical Socioty, 
Vol. II. p. 239, — Messrs. Abel and Ilowncy, in Reports of tho Hoynl ('ollogo of 
Chemistry, Vol. I. p. 33, — Report of tho Board of Health on the Wiitcr Supply to 
the Metropolis, and Mr. Homershani's review of the same,— Report of a I^f^cturc 
delivered by Dr. Buckland at the Royal Institute of British Ari-hitocts, in Nov. UNf), 
and published in their '* Proceedings," — Remarks on the ^Vater Supply of London, by 
Sir W. Clay, p. 39, — Letters of Mr. Tabbemer in the Momhig Chrtmwle for Sept. 
19th and 25th, 1849, — Leading articles in the Morning (^ronicle for Sept. 24th, 
1849, and the Lancet of the same month, — and Mr. Ronnie's " Report to the Direc- 
tors of the New River Company," 1850. For the analysis of some of the waters see 
Appendix C. 
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abundant and constant flow when these wells were first brought 
into common use in the early part of this century, has led, 
from time to time, to the hope that they might be rendered 
available as a source of a larger and public supply. But the 
rapid increase in their number of late years has, however, been 
attended with so constant a reduction of the quantity of water 
they respectively furnish, that it is now generally considered 
that any additional supply for public purposes cannot be 
expected from this source, as it seems already overtaxed by 
private works. Nevertheless, the total amount yet procured 
from these wells must be considerable, and of much value 
as an auxiliary mode of supply. 

3. The objects proposed in the following pages are, there- 
fore,* — 

First. — To inquire into those geological conditions of 
structure in the water-bearing formations which determine 
their capacity and water-value. 

Second. — To examine the Lower Tertiary strata and the 
Chalky from which the present Artesian wells of London and 
its neighbourhood draw their supplies, and to weigh the pro- 
bability of their being able to yield larger quantities of water 
than they now furnish. 

Third. — To extend the inquiry to the strata beneath the 
chalk, with a view to ascertain whether the Lower Creta- 
ceous series may be available as new sources of water- 
SfOfply. 

Fourth. — To show — by a comparison of the volumes and 
capacities of these Tertiary and Secondary formations, that 
the sources, which there is every probability of finding in the 
Upper and Lower Greensands beneath London, would furnish 
a quantity of water sufficient, possibly, for the supply of the 

* A general statement of these views was communicated to the '* Royal Institute 
of British Architects " in July last ; a report of which appeared in their " Proceed- 
ings^ of that month. 

•B 2 
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metropolis ; or, at all events, so large as to constitute an im- 
portant auxiliary supply. 

Fifth. — To prove that these sources of supply are accessi- 
ble at comparatively moderate depths, — that it is probable the 
waters would be pure and good, — and that they would rise 
naturally to a height much above that of the general level of 
the ground in London. 

It may be observed also, that although the questions im- 
mediately to be discussed are of a local nature, they involve 
others applicable to all arenaceous strata, and which may serve 
to illustrate the theory of springs and water-supply in other 
Tertiary and Secondary districts. 

4. As no Artesian wells in London have as yet been 
carried through the chalk, it remains to be determined 
what would be the result of such an operation ; and this 
part of the inquiry being one of considerable importance will 
also be discussed at some length. Judging from analogy, there 
is every reason to suppose that such a work would be as suc- 
cessful here as they have already been in Paris, Elbocuf, and 
Tours ; or rather it will be shown that the conditions in this 
country are in every respect more favourable. 



5. There are two sources of water-supply to the land, — 
one from the rain and snow falling upon the surface generally^ 
— the other from streams produced by the melting of snow 
in mountain districts. The latter is not within the range 
of this inquiry. 

The removal of the rain water from the immediate sur- 
face on which it falls is effected, first, by streams and 
rivers ; secondly, by evaporation and vegetation ; and thirdly, 
by absorption into the strata, — the proportionate operation 
of these three causes depending upon the geological struc- 
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ture of the country, and upon the climate. The subject 
is at present involved in much obscurity, — exact experiments 
are wanting ; but still, where the geological features are well 
marked, some rough estimate of the relative power of these 
different agencies may be formed. 

When the surface of the country consists of impermeable 
clays, or of close-grained rocks, the bulk of the water is 
removed either by drainage in streams and rivers ; or else, 
if the fall of the land be unfavourable, by evaporation. But 
where the strata at the surface are porous and permeable, 
a large portion of the rain will pass into the interior of the 
strata, to be rendered back again, naturally by springs, or ar- 
tificially by wells. 

6. There are two primary geological conditions upon which 
the quantity of water that may thus be supplied to the water- 
bearing strata depend : 1st. The extent of superficial area 
presented by these deposits, whereby the quantity of rain-water 
received on their surface in any given time, is determined : — 
2nd. The lithological character and thickness of the strata, 
whereby the proportion of water that can be absorbed, and 
the quantity which the whole volume of the permeable strata 
can transmit, is regulated. The operation of these general 
conditions will constantly vary in accordance with local phe- 
nomena, all of which must, in each separate case, be taken 
into consideration. 

These are all points essentially related to Geology, con- 
stituting but an application of its principles to this particular 
case. The numerical data required can as yet scarcely be 
said to exist ; for even in our best geological maps, the super- 
ficial areas occupied by the different Tertiary and Upper 
Secondary formations around London, are not laid down with 
sufficient accuracy for an inquiry of this kind, nor was it 
needed for general geological purposes. Closer determinations 
of the thickness of the strata are also necessary. 
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7. If the thick mass of clay on which London stands, 
and which extends for many miles in most directions, always 
formed, as it frequently does, the surface of the ground, 
then almost all the rain-water falling upon it would be carried 
off into the usual surface channels, or would remain on the 
surface, until removed by evaporation into the atmosphere.* 
But this clay is very frequently covered by an irregular bed 
of flint gravel,f not sufficiently thick to hold any very large 
quantity of water, and yet porous enough to allow of the 
ready removal, by infiltration, of much of the rain-water from 
the surface. 

On reaching the bottom of this bed of gravel, the water 
is preserved from evaporation by the superincumbent mass 
of gravel, and is prevented from descending lower by the 
underlying surface of impermeable London clay. It there- 
fore spreads out in a sheet and is retained in the lower part 
of the gravel above that deposit, affording an easily accessi- 
ble although limited source of supply (by means of shallow 
wellsj) over large tracts of country. 

8. If, instead of a few feet of gravel resting on impervious 
clay, there should exist a regularly stratified deposit of 
permeable strata, overlying others which are impermeable 
but not covered by any such beds, — then, other conditions 
being favourable, the water will accumulate in the lower 
part of this deposit in proportion to its volume. § But in strata 
occupying such a position, as well as in the gravel, all wells 
must be sunk by digging, and not bored, to the natural 
water-level, there being no superincumbent impermeable 

* Such a district would, in the latter case, present the extremes, in cold wet- 
weather, of damp and moisture, and in hot weather, of dryness and want of water, 
f This gravel is not represented on the map. 

t This source still supplies many of the old public pumps of London (p. 36). 
§ See some observations on this subject by Dr. Buckland in his Bridgcwater Treatise, 
p. 70. 
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stratum to keep down the water at a level below that to 
which it would naturally have a tendency to rise. 

When the strata are thick and porous, as the sands around 
Bagshot, Reigate, or Woburn, a large portion of the rain- 
water is at once absorbed, and permeates freely through 
them. The infiltration is in proportion to the absence of any 
admixture of clay in the mass of the sands. But if, instead 
of this incohesive structure, the strata should be more solid 
and compact, then, although they will imbibe and retain a 
certain quantity of moisture by capillary attraction, water 
will not pass freely through them, except by means of cracks 
and fissures in the rock. Consequently such deposits (oolites, 
limestones, some sandstones, &c.), instead of holding definite 
quantities of water in proportion to their masses, will hold 
indefinite quantities proportioned only to the number and 
magnitude of the crevices and fissures by which they are 
traversed ; and the water so held will not pass indifferently 
in any direction, but must follow the irregular and uncer- 
tain channels presented by these joints and fissures. 

Where the water is thus diverted into comparatively few 
channels, the springs issuing from such rocks will frequently, 
where the mass of the deposit is large, be more abundant 
than in more permeable strata, in which the distribution of 
the water is more equable, and the issues more numerous. It 
is on this account that the springs in the chalk valleys, and 
at the foot of the chalk downs, are so large and powerful 
in comparison with those generally in the Greensand and other 
sandy districts. 

9. But when the permeable strata not only repose upon, but 
are also covered by others which are impermeable, the 
water, which passes into the strata where they come to the 
surface, and follows their course underground, will be forcibly 
restricted within fixed limits by the superincumbent im- 
permeable beds; and if these latter should be anywhere 
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pierced or bored through, then, on reaching the underlying 
permeable strata, the water therein will tend to rise 
through the opening to a height proportionate to the level at 
which it stands in those strata at their outcrop, — and if that 
should be higher than the surface of the ground where the 
bore has been made, the water will not only rise to the sur- 
face, but may overflow. 

It is to this last-mentioned form of well that the term Arte- 
sian has been applied. The name owes its origin to the sup- 
posed fact of these wells having been originally constructed* 

* The construction of these wells revived, rather than originated, in Artois. They 
have also been long in use in Italy, and a few other parts of Europe. Shaw, in his 
•' Travels in Barbary," mentions wells in the desert of Sahara which were evidently 
Artesian. That they were known also to the ancients admits of no doubt. Arago 
refers to a quotation of Niebuhr, from Olympiodorus, who states that in his time (the 
6th century) wells were constructed, in the oases of the desert, 200, 300, and some- 
times 500 '' aunes''' deep, and that from these wells streams of water were thrown 
out, which were used for the irrigation of the country. 

The most ancient Artesian wells of which I can find any record, are those men- 
tioned in a communication to the French " Institut," by M. Lefebvre. They were 
discovered by M. Ay me in the Oasis of Thebes, and have there been, in places, so 
numerous, that the ground is, as it were, riddled {criJbli) by them.f They are now 
all neglected and in ruins ; but from an examination of them by M. Ayme, it appears 
that a square shaft six to ten French feet on the sides was first sunk through about 
80 feet of clays and marls, reaching at this depth a mass of limestone, through which 
the work was continued by a bore of six to eight inches in diameter at top for about 
300 feet, when strata of water-bearing sands were met with. A triple layer of wood was 
used for lining the sides of the shafts, the decay of which has caused their stoppage 
by the falling in of the ground. The bore in the limestone probably did not 
require tubing. 

So abundant seems to have been the supply, that the water from these sands not 
only rose through the bore in the limestone, and filled the shaft above, but appears, 
from the precautions taken, to have overflowed on arriving at the surface. The distant 
mountainous region of the kingdom of Darfur, 10<^ further south, is supposed to be the 
district in which the water-bearing strata come to the sur&ce, and which thus furnished 
to the ancient Egyptians, in this nearly rainless country, an abundant and constant 
supply of water. The great thickness of the limestone rock, and the style of their 
construction, render these works very remarkable. 

Ayme Bey further states that in several oases of the Libyan desert, where there 
are no rivers or springs, and it never rains, the population, although now very scanty, 

t Comptes rendus de TAcad. des Sciences, Vol. VII. p. 5.95, 1838. Vol. XIV. 
p. 917,1842. 
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in the county of Artois (now included in the dipartement 
du Pas de Calais) in the north of France, where the 
geological structure of the country is singularly favourable 
for their easy and economical construction.* (See Appendix 
A.) 

These wells have been in use in this part of France from a 
very early period. There is one, the depth of which is not 
known, now in action at Lillers, that is said to have been made 
in 1126, and never to have shown any variation in its yield 
of water."f- 

was formerly large, having been then supplied by Artesian wells, which have been 
allowed to fall into decay. So sound appears to have been the principle of their con- 
struction, and so well preserved are the more essential parts of these works, that Ayme 
Bey has cleared out and restored several of them with perfect success. 

These, however, are not solitary instances. Artesian wells appear to have been com- 
mon generally in the East at a very early period. The wells known as the " Wells 
of Solomon,** in the flat and parched plain of Tyre, are, it is suggested by Lamar- 
tine (" Travels in the East") probably of this description. He states that they form 
three reservoirs of clear and running water, each from sixty to eighty feet in circum- 
ference, and of depth unknown. They are elevated about twenty feet above the level 
of the plain, and the water is perpetually running over their sides in quantity suffi- 
cient to give motion to the wheels of mills, and is still conveyed by aqueducts to 
Tyre. So old are these wells that the tradition is, that Solomon caused them to be 
constructed in return for the services rendered him by Tyre in the building of the 
Temple. I must, however, observe that other travellers have considered them merely 
as springs with walls built round them to dam in the water. 

* For details respecting the construction of Artesian wells I would refer to M. 
Qamier^s ^ Traits sur les Puits Art^siens," Paris, 1826 ; or for the more theoretical 
investigation relating to them, and for many historical details of interest, to M. le 
Vicomte Horicart de Thury's " Considerations Geologiques et Physiques sur la Th^orie 
des Puits for^s, ou Fontaines Art^siennes," Paris, 1826 ; and his ^Rapport sur la 
concourspour le percement des Puits Fores," etc., Paris, 1831. The best geological 
account of the strata traversed by these wells in France, and of the geological position 
of the waters, is contained in a Paper by M. D'Archiac, " Sur la Formation Cr^tac^e," 
etc., in the '* M^moires de la Soci^t^ G^ologique de France," 2nd Ser. Vol. II., 
and in the very complete special work on this subject by M. Degous^e. '* Guide 
du Sondeur, ou Traits Th^orique et Pratique des Sondages," Paris, 1847. M. Arago 
also gave a very able notice of these wells in the '* Annuaire du Bureau des Longi- 
tudes," for 1835. In this country we are almost entirely without works on the prac- 
tical part of the subject, with the exception of the useful ** Rudimentary Treatise on 
Well-digging, Boring, &c," by Mr. J. G. Swindell : Weale, 1 849. Matthew's ** Hy- 
draulia" does not treat of this question. 

t This, of course, must be very conjectural. 
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Of late years these wells have been extended over almost 
the whole of the Chalk and Tertiary districts of the north 
and centre of France, and have been generally found to 
succeed. 



As the Bupply of water by Artesian wells in France affords several points of com- 
parison, and is interesting on account of its bearing on the same question in this 
country, I have subjoined a short account of some of them, especially of those of 
Crenelle and Calais, in Appendix A. 



IL— GENERAL PHYSICAL CONDITIONS. 



§ 2. On the Geology of the Country around London^ with reference 
to the position of the Water-bearing Strata, 

10. Before entering upon the general question, it may be 
useful to give a very short description, or rather outline, of 
the Geology of the district under review. 

London stands on Tertiary strata, — beneath which expe- 
rience has proved the existence of the Chalk ; and induction 
leads us to presume that beneath that upper member of the 
Cretaceous series we should find the several lower members of 
the same series. 

With regard to the superficial areas which the different 
members of these two groups respectively occupy, it will be 
found that, commencing at a point near Hungerford, in Berk- 
shire, and proceeding eastward, the Tertiary series gradually 
expand, and form a long irregular triangular area, of which 
the base extends from Deal in Kent to Orford in Suffolk. 
The Eocene or older Tertiary strata, which occupy this tract 
of country, consist of the three following groups.* 

First. An upper group, composed chiefly of permeable, loose 
siliceous sands, from 300 to 400 feet thick, known as the 
Bagshot Sands. 

Second. A middle group of impermeable, dark brown and 
bluish grey tenacious clays, attaining in some places a thick- 
ness of 400 to 500 feet. This deposit is termed the London 
Clay. 

• The Crag, being coniined to Norfolk, Suffolk, and part of Essex, is omitted. 
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Third. A lower group, composed of impermeable mottled 
clays and of permeable sands, very variable in their composi- 
tion and structure, and of a thickness varying from 25 to 
1 30 feet. This group I have temporarily designated merely 
as the Lower Tertiary Strata,^ 

11. As the Bagshot Sands do not form a deposit adapted to 
the construction of Artesian wells, they scarcely come within 
the scope of this inquiry, and will be very briefly noticed."!* 
Their nearest point to London is at Highgate and Hamp- 
stead, which hills, however, they but thinly cap. The main 
mass of these sands extends from Esher on the east to near 
Strathfieldsaye on the west, and from near Guildford on the 
south to Ascot and Virginia Water on the north, forming an 
elevated tract, composed, in the greater part, of sandy heaths. 
They are placed on too high a level to allow of very large 
permanent accumulations of water within their mass. The rain 
which falls on them is in places partly kept out by a thin coat- 
ing of drift and by thick beds of gravel, but more usually it 
percolates readily through the sands, which form the hills and 
higher grounds, and is thrown out agani, — either by the cen- 
tral beds of clay, subordinate to the Bagshot Saiids^ or by the 
underlying London clay, — on the flanks of the hills, or at 
their base in the valleys.J 

1 2. The London clay forms a trough-shaped mass of very 
variable breadth and thickness, perfectly impervious to water, 
which drains over its surface. At Loudon, where it is from 
100 to 200 feet thick, it is, however, usually covered by a 
bed of pervious gravel. 

* The beds here referred to are those usually known as the PlatHo Clay Formation^ 
a term which I think objectionable, and therefore have not used. 

t When the present volume was commenced I was not aware of the important in- 
quiry upon which the ** General Board of Health ** was engaged, with reference to 
this formation. 

X For some account of the Ikigshot Sands sec a Paper by Mr. Warburton, in the 
Trans, of Geo. Soc., *2ud Ser. Vol 1 ; and another by the author in the Quart. Joum. 
Geo. Soc Vol. III. 
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The Lower Tertiary sands and clays beneath tlie London 
clay form one of the sources of supply of water to the Arte- 
sian welia of London and its neighbourhood. They are here 
from seventy to eighty feet thick, but, owing to their irregulari- 
ties of structure and position, their water-value ia compara- 
tively small, considering the area over which they are spread. 

13. The Ckali occupies a broad tract of country in Kent and 
Surrey, passes beneath the Tertiary strata in the valley of 
the Thames at a depth of from 150 to 400 feet, and reap- 
pears in the hilla of Hertfordshire, Buckinghamshire, and 
adjacent counties. In consetjuence of the insufficiency of 
water supply in the Lower Tertiary strata, the Artesian wells 
at London are often carried down into this formation, to 
which a thickness of from 700 to 1000 feet has been assigned. 
Water percolates through it readily by means of fissares, but 
it IS a question as to the quantity which may be thus held 
and transmitted, 

14. The Lower Cretaceous aeries, which are next in de- 
scending order to the chalk, consist of — first, the Upper 
Gremeand, a permeable deposit 20 to 150 feet thick ; — second, 
the Gault, an impermeable mass of dark grey clay, 1 00 to 150 
feet thick ; — and third, beneath tins is the Lower Greensand, 
which varies in its thickness from 1 5 or 20 to 400 and 700 feet, 
and is generally very permeable. This latter reposes in Kent 
and Surrey upon the impermeable beds of the Weald clay, 
and in Bedfordshire and adjoining counties, on the equally 
impermeable Kimmeridge clatf. (See Map.) 

The Tertiary strata occupy the centre of the district under 
consideration, while all the other deposits crop out succes- 
SJTely from below them in the country to the north and south 
of London, and converge at their greatest depth to a point 
below the valley of the Thames. A reference to the Map 
vill exhibit better than can be done by description, the extent 
of country occupied by each of the above-mentioned deposits, 
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and will, with the sections, serve to indicate the probable 
position of the different groups as they pass beneath the sur- 
face under London. 

15. In comparing between the relative productive water- 
capacity of any two group of strata, a general knowledge of 
the geology of the district is not enough. Exact phy- 
sical details of structure, volume, and superficial area, are 
necessary. Although the boundary lines of many of the 
Secondary formations in the west and north of England are 
laid down upon our geological maps with great accuracy, this is 
far from being the case with regard to the boundaries of the 
Tertiary formations around London. The water-bearing Lower 
Tertiary strata are usually represented as occupying a super- 
ficial area much too large. Nor are we yet in possession 
of sufiicient information on many points, connected with their 
composition and structure, needed for an inquiry of this de- 
scription. 

It is to supply in some measure this deficiency, and as a 
base for further observations, that the details of the Tertiary 
strata are given in the following pages at a length which may 
appear tedious, and almost unnecessary, were it not for the 
importance of the question ultimately to be resolved. 

Of the geological relations of the strata below the chalk, 
we have much more complete accounts. The valuable Me- 
moirs of Dr. Fitton,* " On the Strata beneath the Chalk," 
with those of Dr. Mantell,-|* Sir Roderick Murchison,J Mr. 
Lonsdale,§ Mr. Austen, || and others, on different portions of 

♦ Annals of Philosophy 1824, pp. 365 and 458. — Trans. Geo. Soc. 2nd Series, 
Vol. IV. Part ii. — and Quart. Joum, Geo. Soc. Vol. I. II. and III. 

t "Geology of thesouth-cast of England,' 1833. " Sketch of the Geology of Surrey," 
1840, and " On the Geological Structure of the Country seen from Leith HiH," 1845. 
These two last will bo found in " Braylcy's History of Surrey." 

t Trans. Geo. Soc. 2nd Series, Vol. II. 

§ Trans. Geo. Soc, 2nd Series, Vol. III. 

II Proc. Geo. Soc. Vol. IV. pp. 167 and 1.96. 
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the Greensand districts, have established the general geological 
characters and relations of the different members of the Cre- 
taceous series around London.* These descriptions, combined 
with the range of the strata as given by Dr. Fitton in his Map 
of the Greensand district in the work just quoted, and since 
laid down with his assistance in the last edition of Mr. 
Greenough's Geological Map of England, have, with a few 
alterations,+ afforded me the data whereby to estimate the 
dimensions and water-capacities of these strata. 

I cannot conclude these observations without expressing my 
great obligations to Dr. Fitton for his valued criticism and 
the kindest assistance constantly afforded me in the progress 
of this work. 



16. The stratified formations^ of which England is com- 
posed, dip one under the other in general at small angles of 
inclination (fig. 1), and range underground to very variable 
depths. 

* Of the Chalk itself, with the exception of a Paper on the Dover district, by Mr. 
Phillips in the Trans. Geo. Soc. Vol. V., we have few particulars. 

+ These alterations have reference chiefly to points of physical detail. I have in 
several instances, especially in Oxfordshire, given greater extension to the area of 
the Lower Chalk, as well as occasionally to the Upper Greensand, and have diminished 
somewhat that of the Gault. The Lower Greensand I have in some places expanded, 
bnt on the whole have reduced it considerably. 

t To make the subject clearer to the non-geological reader, the following defini- 
tions may be useful :— > 

'' Formation^ in Geology means a series of strata, — which may be only a few feet 
thick, but usually varying from a few hundred to several thousand feet, — characterized 
by containing throughout the remains of similar animals and plants, and supposed 
to have been formed during a period of the earth^s history, throughout which the 
same races lived and flourished undisturbed at any given point by any very marked 
and important changes of land or sea. 

The mineral character of a Formation, within short distances, usually exhibits con- 
siderable similarity throughout its mass, or else presents constantly recurring charac- 
ters, — as, for instance, the Chalk formation (North and South Downs) ; the Oolite for- 
mation (hills around Bath) ; the Mountain Limestone formation (hills of Derbyshire). 
The strata of the diSeient/ormations consist of a number of layers of rock, clay, or 
sand, to each single layerof any of which the terms stratum or bed are applied indiscrimi- 
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The water draining off the surface of the country a b 
will flow from the hills formed by the formations 2 and 4 re- 
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spectively into the valleys occupied by the outcrop of the 
strata 1, 3, and 5 ; and, if these formations consist of per- 
meable beds of sand or sandstone, then a portion of the drain- 
age waters will sink through, and accumulate in them, until 
they find some outlet either natural or artificial. 

17. When the strata dip and rise again within a moderate 

Fig. 2. 
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distance, as shown in fig. 2, where they dip to the south 
at h and c^ and rise to the south V and (/, it constitutes the 

nately ; sometimes the word Deposit is used in speaking of a stratum or bed, at 
times it is applied to designate a group of strata forming a subdivision of a formation, 
and is now frequently substituted for the term ^ formation*^ itself. In the same way 
S&fies is sometimes applied to a number of consecutive beds or strata, and at other 
times to a number of consecutive formations of one great geological division. In the 
latter case the term System is, however, more usually applied. The context will 
generally indicate the meaning intended. 

The Outcrop of a bed or of a formation is that part of it which comes to, and 
forms, the surface of the country. Thus the formations 1, 2, 3, 4, and 5, crop out 
on the line of country between A and b (fig. 1). The outcrops of 1 and 3 occur in 
the valleys, and those of 2 and 4 form the intervening ranges of hills. 

The Dip is the angle formed by the plane of stratification with a horizontal plane 
on the surfiu;e. Thus the dip of the strata in fig. 1, is in the direction shown by the 
arrow, at an angle of 27° south. 

The Strike of a deposit is a line on the surface, drawn at right angles to its dip. 
The strike of the strata in fig. 1 is therefore east and west 

The Range of a stratum, or of a formation, denotes the course of its outcrop on the 
sur&ce ; — ^^ underground range** is sometimes used in describing the prolongation of 
the whole mass beneath the surfsu^ of the ground. 
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form of geological structure best adapted for the construc- 
tion of Artesian wells. But for this object it is necessary that 
b should consist of permeable sands, that can absorb and 
transmit the rain water falling on its surface, and a and c of 
impermeable strata, through which water cannot pass. The 
water thus supplied, together with a portion derived from 
the drainage of the adjacent hills, will then accumulate in 
J, as in a natural reservoir, and if the quantity drawn off 
from it be less than the quantity supplied, the reservoir so 
circumstanced will keep constantly full.* In a well sunk 
in any part of the country between the outcropping edges 
of the strata at b and b\ the water will rise at the sur- 
face with a force proportionate to the depth of the top 
of the shaft below a straight line drawn from b to b\ or the 
distance between the lines y, z and v, l. Let, for example, 
such an opening be made through the superincumbent beds 
of clay a at x. It follows that the water would there rise 
to the level of the line y, z, provided that all the ducts 
were free, and time were given for its equilibrium to be 
established. 

Practically, however, this height will depend in a great 
measure upon the distance of the point w from the outcrop 
of the strata J, upon the mineral character presented by b 

* This I believe to be the theory now universally adopted. A curious but very 
general notion prevailed formerly, which accounted for the phenomena of springs and 
underground sources, by supposing that the sea penetrated through the strata at its 
bottom, and was by that means conveyed to any distance under the land, forming a 
water level almost constant with that of the sea. The extent of filtration caused, it 
was assumed, its salts to separate from it, and thus rendered the water pure and 
fresh. That portion of the water which descended to greater depths, where the 
central heat acted more strongly upon it, being converted into vapour, and rising 
through the fissures of the rocks, became condensed again on approaching the surface, 
especially in mountainous districts, and issued in the form of springs. This opinion 
originated in erroneous views with regard to the permeability of strata at the surface 
of the earth, it being supposed that rainwater never penetrated beyond the depth 
of a few feet, and that some springs rising on high hills had no higher ground to draw 
their supplies from. Experiment and observation have proved both these positions to 
be wrong. 
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throughout that distance, and upon variations of level of 
the outcrop. 

The general conditions of geological structure of the Arte- 
sian wells in London and its neighbourhood,^ are such as has 
just been described, a being supposed to represent the London 
clay, h the beds of sand and mottled clays beneath it, and c 
the chalk ; — this latter allowing, however, of the passage of 
water to a considerable extent, and constituting in itself a 
partially water-bearing deposit (see ^ 57). 



§ 3, Geological Conditions affecting the Valm of the Water- 
hearing Deposits^ illustrated in their application to the Lower 
Tertiary Strata. 

18. Having premised thus much as to general geological 
structure, I proceed to the consideration of the less understood 
conditions which affect the supply of water in the water- 
bearing strata. From a better acquaintance with the Tertiary 
strata, and not on account of their relative importance, I pur- 
pose confining myself for illustrations in this discussion to the 
Tertiary deposits exclusively, as the same mode of inquiry will 
apply with but little modification to any other formation : 
whilst by using them as examples, one of the objects of this 
inquiry will be forwarded. The main points are — 

First. — The extent of the superficial area occupied by the 
water-bearing deposit. 

Second. — The lithological character and thickness of the 
water-bearing deposit, and the extent of its underground 
range. 

Third. — The position of the outcrop of the deposit, whether 

* The number of Artesian wells (including both the sand and chalk wells) in and 
immediately around London is variously estimated at from 300 to 500, if not more. 
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19. With regard to the Jirst question^ it is evident that a 

series of permeable strata encased between two impermeable 

formations can receive a supply of water at those points only 

where they crop out and are exposed on the surface of the 

land. The primary conditions affecting the result depend 

upon the fall of rain in the district where the outcrop takes 

place ; the quantity of rain-water which any permeable strata 

can gather, being in proportion to the magnitude of their 

superficial areas. If the mean annual fall in any district 

amounts to twenty-four inches, then each square mile will 

receive a daily average of 950,947 gallons of rain water. It 

is, therefore, a matter of essential importance to ascertain, 

with as much accuracy as possible, the extent of exposed 

surface of any water-bearing deposit so as to determine the 

maximum quantity of rain-water it is capable of receiving. 

In deposits of so loose and friable a character as those of 
which the country around London consists, it is difficult accu- 
rately to trace the outcrop of any stratum. The gentle 
slopes of the hills, the absence of hard rocks, the high culti- 
vation, and luxuriant vegetation, combining to conceal the 
geological features of the district.* 

One side of the district occupied by the Lower Tertiary 
strata is bounded by the chalk, and this line of boundary, 
from the distinct mineral character of the rock, there is no 
difficulty in determining. On the other side is the London 
clay, and there the line of division is generally very obscure, 

in Wiltshire. They are of much interest, as shoiving at that early period (1816) in 
Geology the application to this subject of many of the considerations mentioned 
above. 

* This difficulty of determining the geological structure of the country by sections 
at the surface, had led me for some years past to collect all sections of wells, and had 
thus supplied me with much of the data connected with the Tertiary strata required 
for this inquiry. The late Dr. James Mitchell, a most zealous geologist, and who 
for many years diligently studied the country around London, had paid, however, 
far more attention to this particular subject of wells, and I am indebted to him 
for much valuable information upon it. His notes also have been obligingly placed 
in my hands by his nephew, Mr. J. Templeton, of Exeter. 
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and has led to far too great* an extension of the tract occu- 
pied by the Lower Tertiary strata. (See Map.) 

20. The surface formed by the outcropping of any deposit in 
a country of hill and valley is necessarily extremely irregular, 
and it would be difficult to measure, in the ordinary way, the 
area of such a district ; I have therefore used another method, 
which seems to give results sufficiently correct for our present 
purpose.f I find by it that the area occupied by the outcrop 
of the beds between the London clay and the chalk, is equal 
to about 854 square miles. This includes the whole district 
from Hungerford in Berkshire to the Reculvers on the 
coast of Kent on the one side, and from Hungerford to 
Woodbridge in Suffolk on the other, embracing all the 
outcrop connected in unbroken line with the central mass 
of London clay, but excluding all outliers or partly de- 
tached portions (excepting thode in Kent) the underground 
drainage from which is intercepted by want of continuity 
in the strata. 

21. The second question relates to the effect which the 
mineral character of the formation will have upon the quantity 
of water which it may hold and transmit. If the strata 
consist of sand, water will pass through them with facility, 
and they will also hold a considerable proportion between the 
interstices of their component grainsj ; whereas a bed of pure 
clay will not allow of the passage of water. These are the two 
extremes of the case ; the intermixture of these materials in 
the same bed will of course, according to their relative propor- 

* More than double. 

t A plan borrowed from the geographers — that of cutting out from a map on paper 
of uniform thickness and on a large scale (one inch to the mile), and weighing the 
superficial area of each deposit. Knowing the weight of a square of 100 miles, 
cut out of the same paper, it is easy to estimate roughly the area in square miles 
of any other surface, whatever may be its figure. The experiments were repeated 
several times, and mean results are given. The weights were taken to a tenth of 
a grain. 

X See Table, p. 114. 
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tiong, modify the transmission of water. I find by experiment 
that a siliceous sand of ordinary character will hold on an 
average rather more than one-third of its bulk of water, or 
from two to two and a half gallons in one cubic foot. In 
strata so composed, the water may be termed ^' free/^ as it 
passes easily in all directions, and, under the pressure of a 
column of water, is comparatively but little impeded by 
capillary attraction. These are the conditions of a true per- 
meable stratum. Where the strata are more compact and 
solid, as in sandstone, limestone, and oolite, although all such 
rocks imbibe more or less water, yet the water so absorbed 
does not pass freely through the mass, but is held in the 
pores of the rock by capillary attraction, and parted with 
but very slowly ; so that in such deposits water can be freely 
transmitted only in the planes of bedding and in fissures. 

If the water-bearing deposit be of uniform lithological cha- 
racter over a large area, then the proposition is reduced to its 
simplest form ; but when, as in the deposit between the Lon- 
don clay and the chalk, the strata consist of variable mine- 
ral ingredients, it becomes essential to estimate the extent of 
these variations; for very different conclusions might be drawn 
from an inspection of the Lower Tertiary strata at different 
localities. 

22. In the fine section exposed in the cliffs between Heme 
Bay and the Beculvers, a considerable mass of fossiliferous 
sands is seen to rise from beneath the London clay. 

The annexed diagram represents a view of a portion of this 
cliff a mile and a half east of Heme Bay, and continued 
downwards, by estimation below the surface of the ground, 
to the chalk. 

In this section there is evidently a very large proportion 
of sand, and consequently a large capacity for water. 

Again at Upnor, near Rochester, the sands marked 
J\ in Fig. 3, are as much as sixty to eighty feet thick, and 
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I eontinue so to Gravesead, Purfleet, and Eritli.* In the first 

I «f these places they may be seen capping Windmill Hill ; in 

' the second, forming the bill (now nearly removed) on which 

the experimental light-house Is built ; and in the third in the 

;e ballast pita on the banks of the river. The average 

Fig. a.t 



•r port of the Irfinilnn ciny 




,> Light-coloured foiBQiferous luuidB, with 
plilcEi«s of clay 



,* Liglit-calonred gi 



■ ■ Bam of diff: The aiperpaiitiOH lelotB thii 
fioial ii proecil iy awcUaflAe Hccidvert. 




J Ltg)it-ca1ouredfos>iliferoiiiailiceouaennda, 
the Intver pBit vary Bigillaeeoua . 70 lA 



I thickness of these sands in this district may be about fifty to 

I sixty feet. In their range from east to west, the beds J' 

I become more clayey and leas permeable, and fi' very thin. As 

we approach London, the thickness of 6' also diminishes. 

• F«4eMriprion.ofsa-eralMCti(.r»inlWBdiBlriclMOflpniwrhy Mr. J. Mon" 
ffa Pk*. O.0L Soc VnL II. p. 460. 

Thii Kction, us well as Uiobi. in Fig.. < la 7, is upon ii vortical Kalo of fifty foot y 
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Id the ballast pite at the west end of Woolwich,* this sand 
bed is not more than' thirty-five feet thick, and as it passes 
under London it becomes still thinner. 

23. The annexed diagram (Fig. 4) represents a general ot 
average section of the strata on which London staiids.f 




■■^^^^^-^ i ' Sands, pebblei, and shellst . . I to ;! 
V* SondH, mottled clayi, and pebble- 
beds very inegularly interatm- 
tiiicd 16 to4^ 

l^ Light- coloured tiliceoue landi . 30 to 60 



The great increase in the proportion of the argillaceous strata, 
and the decrease of the beds of sand, in the Lower Tertiary 

* For detailed tectioDi of the Woolwich and Lewiaham pits see a Pspei bj Dr. 
BnckUnd, m the Tranuctiona oF the Qeologicol Society. Vol. IV. p. 276 ; atao, 
Philippi and Connjbeaie's Ontlines of tlie Qeology of England, p. 47. 

■f- for uma Toluahle details on this subject, lee the work recently published 
by Me. B. Mjlne, " On the stnila beneath London," in which the well-tections, and 
the leTels ef the strata, are given with great accuracy. 

i There is generally a small quantity of water found in this bed in paita of the 
neighbourbimd of London. Oiring, howeTor, to the cenilaut piesenco of green and 
femigiDoua lands, tracea ot vegetable matter and remains of foaail ihcUs, the water 
is usually indilferent and eliatybeale. The well-diggen term this a slow apring- 
They well eipreaa the difference by saying that the water creepi up from this 
stratum, whereas that it burata up iiom the lower aanda £', which ia the great water- 
bearing Btralum. In the irregular sand beda, interstratified with the mottled claya 
between theae two atmla, water is also found, but not in any large quantity. 
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strata, is here very apparent, and from this point westward 
to Hun^rford, claya decidedly predominate ; while at the 
same time the series presents sucli rapid variations, even on 
the same level, and at short distoocea, that no two sections 
are alike. 

24. On the southern boimdary of the Tertiary district from 
Oroydun to Leatherbead, the sands, i^* maintain a thickness 
of twenty to forty feet, whilst the associated beds of clay 
are of inferior importance. 

Crossing over to the northern boundary of the Tertiary 
district, we will take another section (Fig. 5), representing 
the usual features of the deposit In that part of the country. 
It ie from a cutting at the brickReld, west of the small 
village of Hedgerley, six miles northward of Windsor. / 

Fig. 6. ii 




Fire-brick earth 

Mixed gMen-iuid, clay, and flinM 

Chalk. 



25. Here we see a large development of the mottled clays, 
and but little sand. A somewhat similar section is ex- 
hibited at Oak End, near Ohalfont St. Giles. But to show 
how rapidly this aeries changes its character, the section of 

* I wn nat fure that thcie landa can gcalogieally bo identilied with thote i* 
on the mat level fuTtliet eanwsr^. A>, however, they occupy the aanie rekliva 
pontionu M doei at Woolwich, they may for ouc pruicnt purpoie be conaideied <u 
their equiTftlent. 
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a pit, only a third of & mile westward of the one at Hedgerley, 
is aonezed, in Fig. 6. 
f^. 6. 



In this latter section the mottled claye have nearly dis- 
appeared, and are replaced by beds of sand with thin 
seams of mottled claja. At Twyford near Reading, and at 
Old Basing, near Basingstoke, the mottled clays again oc- 
cupy, as at Hedgerley, nearly the whole space between the 
London clays and the chalk. Near Beading, a good section 
of these beds was exhibited in the Sonning cutting of the 
Great Western Railway ; they consisted chiefly of mottled 
clays. At the Katsgrove Pits, Reading, the beds are more 
sandy.* 

26. Many other sections might be given ; but aa they do 
not present any exception to the general rule, we will pass 
to one at the western extremity of the Tertiary district 
at Pebble Hill, near Hungerford (Fig. 7). Here again the 
mottled clays are in considerable force, sands forming the 
smaller part of the series. 

These sections (Nos. 3 to 7) give a fair average repre- 
sentation of the strata generally between the London clay 
and the chalk. 

■ For detaila of tlii* Section, see Dr. Bockknd'i paper in the 4th toL Tniu. 
OeoL Soc Several Kctians, illuitntiTe to lome eit«nt of the Lower TerUuy 
■tiBia, nra given in a paper of the antbor'i, pnbUihed in the Qnarl. Joani. Qeot. 
Society foi A ugnat, IG50: there, however, the ugumeut ia eoonected with theo:janic 
renwina of the itrata. 
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Londoa da;. 

Mottled clays 10 

Whitish aandi 6 

Sand; clays, ilightly mottled 23 

Dark red tile-day i 

Lighl-coloared aanda 3 

Clay,greensand,flintB,aDdreiaaJiisofDstrex 2 

Chalk. 



27. Westward of LondoD, the Lower Tertiary strata differ 
so much from those to the eastward of it, that it will be 
advisable to examine the two districts separately, as they 
bave a very unequal bearing upon the Artesian wells of the 
Metropolis. The following lists exhibit the aggregate thickness 
of all the beds of sand occurring between the London clay 
and the chalk at various localities in the Tertiary district. 
It will appear from them that the mean result of the whole 
is very different from any of those obtained in separate di- 
visions of the country. The mean thickness of the deposit 
throughout the whole Tertiary area may be taken at sixty- 
two feet, of which thirty-six feet consist of sands, and twenty- 
six feet of clays, but as only a portion of this district con- 
tributes to the water-supply of London, it will facilitate our 
inquiry if we divide it into two parts, the one westward of 
and including London, and the other eastward of it, — in- 
troducing also some further subdivisions into each.* 
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The mean of these three colnmns gives a thickness to this 
formation of fifly-seven feet ; of which only nineteen feet are 
sand, and permeable to water ; and the remaining thirty-eight 
feet consist of impenneable clays, adbrding no supply of water. "I" 
The area (at the surface and underground) over which they 
extend, is about 10S6 square miles. The other portion of the 
district exhibits the following results. (See Table in next page). 

The average total thickness over this eastern district 
deduced from these, nine sections gives sixty-eight feet, of 



* This liat might be much extended, but the above giret a fair average of these 
beds. For some further particulars of the London wells, see two papera, one b; 
Mr. J. Donkin, and another bj Mr. W. Grsfat, in the l»t Vol. Trani. Civ. Eng. , 
alio the BeclionB of Mr. R. W. Mjine, with a paper by the aame anthor '> On the 
supply of water from Artesian wella in the Londnn Basin, Ik." (Trans. Civ. Eng., 
3rd pitrt of Vol. III.) ; and the series published in 1949 b; the Metropolitan Com- 
tnisuonersot Sewers. 

t In London and the neighbourhood, it wonld have been sufficient to have divided 
the groop A into two parts, eielnding altogether the upper one (6' of Fig. 4). 
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which fifly-tlireo feet are tmaAtt, and fifleen feet e\ayn. The 
Inrgor area (1849 square mileti), over which the eastern 
portion of the Tertiary series extends, and the greater velumu 
of the watcr-boaring hods, constitute important ditfurenccs in 
favour of tliis district ; and if there had been no geological 
disturhunces to interfere with the continuity of the strata, we 
might have looked to this (juarter for a large supply of 
wnt(T to the Artesian wells of Loudon. 

28. From these tables it will bo readily perceived that the 
strata of which tho wator-bearing deposits are composed, are 
very varinhlu in their relative thickness. They consist, in fact, 
of altemnting bods of clay and sand iii proportions constantly 
changing.* In one place (as at IIc<1gerley) the aggregate 
bods of sand may ho five foot thick, and the clays forty-five 
feet, whilst nt another {a» near Lenthcrhoad) the sands may 
bo thirty-five, nnd the clays twenty feet thick ( and some such 
variation is obHiirvable in every locality. Itut although wu 
may thus tn some measure judge of tho capacity of these 
bfds for wtttor, this method fails to show whether tho com- 
munication from one part of tho area to another is froo or 
impeded by causes connected with mineral character. Now 
OH we know that thcw Iwds not only vary in their thickness, 

* Tim difTvrniico In ihn |H'nncBliililf o( ihn MmUi arixinfi frnm thl) cniine in irvnUNl 
nr in aiinthor |Hirt of thla wnrk. Tlio mnin lUviiiitiii niily, Inln iminnniialilB iHayii 
anil Toriablr puFinmble Minda, uio 1ia» roTamd lii <1l \Wi~\m), 
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bat that they also frequently thin out, and sometimes pass 
one into another, it may happen that a very large develop- 
ment of clay at any one place may altogether stop the transit 
of the water in that locality. Thus, in fig. 8, the beds of 



Lower TertUiy itratn. 



sand at y, allow of the free passage of water, but at x, where 
clays occupy the whole thickness of h, it cannot pass. This 
phenomenon is, I believe, of not unfreqnent occurrence in 
the Lower Tertiary strata toeatuiard of London,* but the 
obstruction which it may offer to the underground flow of 
water can be determined only by experience. It must not, 
however, be supposed that such a variation in the strata, b, 
is permanent or general along any given line. It is always 
local — some of the beds of clay commonly thinning out after 
a certaiD horizontal range — so that, although the water may 
be impeded or retarded in a direct course, it most probably 
can, in part or altogether, pass round by some point where 
the strata have not undergone the same alteration. 

29. To proceed to tlte investigation of the third point of 
inquiry relating to the position and general condition! of the 
outcrop. This involves some considerations to which an exact 
value cannot at present be ^ven, yet which require notice, as 
they, to a great extent, determine the proportion of water 

* At tlie lame tiiBt, 1 believe, the lower wnda, 6* of fig. 4, dtiu ddL 
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which can pass from the surface into the mass of the water- 
bearing strata. 

In the first place, when the outcrop of these strata occurs 
in a valley, as represented in figure 9, it is evident that h may 
not only retain all the water which might fall on its surface, 
but also would receive a certain proportion of that draining 
off from the strata of a and <?.* This form of the sur- 
face generally prevails wherever the water-bearing strata 
are softer and less coherent than the strata above and 

Fig, 9. 
Section across the valley at Chinham, near Basingstoke. 




V 



• • • • • 



a, London clay ; 6, Sands and mottled clays ; c, Chalk ; v, l, Level of the 
valley. 

below them. It may be observed in the Lower Tertiary 
series at Sutton, Garshalton, and Croydon, where a small 
and shallow valley, excavated in these sands and mottled 
clays, ranges parallel with the chalk hills. It is apparent 
again between Epsom and Leatherhead, and also in some 
places between Guildford and Farnham, as well as between 
Odiham and Kingsclere. The Southampton Railway crosses 
this small valley on an embankment at Old Basing. 

This may be considered as the prevailing, but not ex- 
clusive form of structure from Croydon to near Hungerford. 
The advantage, however, to be gained from it in point of 
water-supply, is much limited by the rather high angle at 
which the strata are inclined, as well as by their small 

* In speaking of the drainage from off the chalk, it must be understood that it is 
extremely limited, especially when the surface is bare, except in very heavy rains. 
It is only when covered by drift, clay, or gravel, that it becomes more apparent. 
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development, which greatly restrict the breadth of the sur- 
face occupied by the outcrop. It rarely exceeds a quarter of 
a mile, and is generally very much less, often not more than 
one hundred to two hundred feet. The width of outcrop 
is nearly uniform from Epsom* to Inkpen near Hungerford 
(see Map). 

30. The next modification of outcrop, represented in fig. 10, 

Fig, 10. 
Section half-a-mile east of Highclere. 
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is one which is not uncommon on the south side of the Ter- 
tiary district. The Strata h here crop out on the slope of the 
chalk hills, and the rain falling upon them, unless rapidly 
absorbed, tends to drain at once from their surface into the 
adjacent valleys (v, l, line of valley level). 

This arrangement is not unfrequent between Kingsclere and 
Inkpep, and also between Guildford and Leatherhead. East- 
ward of London it is exhibited on a larger scale at the 
base of the chalk hills, in places between Chatham and 
Faversham, a line along which the sands of the Lower 
Tertiary strata, 5, are also more fully developed than else- 
where. As, however, the surface of h is there usually more 
coincident with the valley level (v, l) of the district, it is in 
a better position for retaining more of the rain-fall. 

31. A third position of outcrop, much more unfavourable for 
the water-bearing strata, prevails generally along the greater 

* Between Croydon and Epsom it is rather broader and more irregular. 
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part of the northern boundary of the Tertiary strata. Instead 
of forming a valley, or outcropping at the base of the chalk 
hills, almost the whole length of this outcrop lies on the 

Fig. 11. 
Section of the hill one mile N.E. from Hatfield. 




slope of the hills (as in Fig. 11), where the chalk, (?, forms 
the base of the hill and the lower ground at its foot, whilst 
the London clay, a, caps the summit, thus restricting the 
outcrop of 5, to a very narrow zone and a sloping surface. 
This form of structure is exhibited in the hills around Bead- 
ing, Sonning, Hedgerley, Bickmansworth, and Watford, 
{where the Birmingham Railway is carried through the strata 
h at the Bushey cutting, and at the end of it passes by an 
embankment on to the chalk, which occupies a lower level in 
the valley of the Colne) ; thence by Shenley Hill, Hatfield, 
Hertford, Sudbury, and also at Hadleigh, this position of 
outcrop is continued. If, as on the southern side of the 
Tertiary district, the outcrop were continued in a nearly un- 
broken line, then these unfavourable conditions would prevail 
uninterruptedly; but the hills are in broken groups, and inter- 
sected at short distances by transverse valleys, as that of the 
Kennet at Beading, of the Lodden at Twyford, of the Colne at 
Uxbridge, the valley from near Rickmansworth to Ruislip, and 
again from Watford to Pinner. Between Watford and Hat- 
field there is a constant succession of small valleys running 
back for short distances from the Lower district of the 
Chalk, through the hills of the Tertiary district. The val- 
ley of the Lea at Roydon and Hoddesden, is a similar and 
stronger case in point. The same thing occurs in the Valley 

D 
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of the Stour, at Sudbury. The effect of these transverse 
valleys is to open out a larger surface of the strata 5, than 
would otherwise be exposed ; — for if the horizontal line v l, 
%. 11, were carried back beyond the point a? to meet the 
prolongation of 5, then these Lower Tertiary strata would 
not only be intersected by the line of valley level, but 
would form a much smaller angle with the plane v l, and 
therefore spread over a larger area than where they crop 
out on the side of the hills. 

The irregular outline produced by this structure is shown in 
the Map, where the constantly varying northern outcrop of 
the Lower Tertiary strata contrasts strongly with the thin, 
narrow, and comparatively regular zone formed by their 
southern outcrop between Croydon and Kingsclere. 

32. The foregoing are the three most general forms of out- 
crop, but occasionally the outcrop takes place wholly or partly 
on the summit of a hill, as near the Beculvers, in the neigh- 
bourhood of Canterbury, of Sittingbourne, and at the Ad- 
dington hills, near Croydon, in which cases the area of the 
Lower Tertiaries is expanded. When the dip is very slight, 
and the beds nearly horizontal, the Lower Tertiary sands 
occasionally spread over a still larger extent of surface, as 
between Stoke Poges, Burnham Common and Beaconsfield, 
and in the case of the flat-topped hill, forming Blackheath 
and Bexley heath (see fig. 12). 

Fig. 12. 
Section from Deptford (1) to Crayford (2). 

(1) Blackheath. Shooter's-hill. Bexley-heath. (2) 

~^^ z 

a. London Clay. 6. Lower Tertiaiy strata, c. Chalk. 

Favourable as such districts might at first appear to be 
from the extent of their exposed surface, nevertheless they 



h 
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rarely contribute to the water-supply of the wells sunk into 
the Lower Tertiary sands under London, the continuity of 
the strata being broken by intersecting valleys ; thus the dis- 
trict last mentioned is bounded on the north by the valley 
of the Thames, on the west by that of the Bavensbourne, 
and on the east by the valley of the Cray ; consequently the 
rain water, which has been absorbed by the very permeable 
strata on the intermediate higher ground, passes out on the 
sides of the hills, into the surface channels in the valleys.* 

33. Thus far we have considered this question, as if, in each 
instance, the outcropping edges of the water-bearing strata, 
5, were laid bare, and presented no impediment to the 
absorption of the rain water falling immediately upon their 
surface, or passing on to it from some more impermeable de- 
posits. But there is another consideration which influences 
materially the extent of the water-supply. 

If the strata b were always bare, we should have to 
consider their outcrop as an absorbent surface of power 
varying according to the lithological character and dip of 
the strata only. But the outcropping edges of the strata 
do not commonly present bare and denuded surfaces. Thus 
a large extent of the country round London is more or 
less covered by beds of drift, which protect the outcropping 
beds of 5, and turn off a portion of the water falling upon 
them. 

The Drift differs considerably in its power of interference 
with the passage of the rain-water into the strata beneath. 
The ochreous sandy flint gravel, forming so generally the 
subsoil of London, admits of the passage of water. All 
the shallow surface-springs, from ten to twenty feet deep, are 
produced by water which has fallen on, and passed through 

* Or into the chalk. Ahnost all the wells at Bezley Heath, for their supply 
ofwater, have, in fact, to be sunk into the chalk through the overlying 100 to 
133 feet of sand and pebble beds (6). 

n 2 
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this gravel (ff) down to the top of the London clay (a) 
on the irregular surface of which it is held up* (fig. 
13). 




84. When the London clay ia wanting, this gravel lies im- 
mediately upon the Lower Tertiary strata, as in the valley 
between Windsor and Maidenhead, and in that of the Eennet 
between Newbury and Thatcham, transmitting to the under- 
lying strata part of the surface water. 

Where beds of brick earth occur in the drift, as be- 
tween West Drayton and Uxbridge, the passage of the 
surface water into the underlying strata is intercepted. 

Sometimes the Drift is composed of Gravel mixed very 
irregularly with broken-up London clay ; and, although com- 
monly not more than three to eigbt feet thick, it is generally 
impermeable. 

Another description of drift will be noticed in connexion 
with the chalk. 

35. Over a considerable portion of Suffolk, and part of Es- 
sex, a drift, composed of coarse and usually light-coloured sand 
mixed with fire gravel, occurs. Water percolates through it 



* Th?H are called land-tpringi, anititej cimititiitti,tonBn]j, a principal lource of 
water-nippl^ la London. Moat of tbe old parith pump* ue supplied by ipringa ottbii 
deMription. The; still fnmiah ■ not uaimportant nipply of water, oltbough the 
•ewen hnve reduced the quantitf, and, with tbe gai and other worki, haie mach 
interfend with tbe quality, Mr. Tabbemei calculataa that ihej jet yield daily 
S,0OO,0OO gallona (Letter ia tbe Daily Newa, ISlh March. ISSO. Thia qoantity 
aeema to me to be too Urge), For aome aecoant of the qoalily of the«e walera, aee 
Appendii C. 
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with extreme facility, but it is generally covered by a thick 
mass of stiff tenacious bluish-grey clay, perfectly impervious. 

Fig, 14. 
Section of Balingdon Hill, near Sudbury, Essex. 

4 -^^^fi^iijV^^ — -x^^^ 






1. Boulder Clay Drift. h. Lower Tertiary strata. 

2. Sand and gravel Drift. c« Chalk. 

a. London Clay. v. l. Line of vaUey level. 

This clay drift (Boulder-clay^) caps to a depth of from ten 
to fifty feet or even more, almost all the hills in the northern 
division of Essex, and a large portion of Suffolk and Nor- 
folk. It so conceals the underlying strata, that it is difficult 
to trace the course of the outcrop of the Lower Tertiary 
sands between Ware and Ipswich; and often, as in fig. 14, 
notwithstanding the breadth^ apart from this cause, of the 
outcrop of the Tertiary sands 5, and of the drift of sand and 
gravel (2), they are both so masked by the Boulder-clay (1), 
that the small surface exposed can be of little comparative 
value. 

There are also, in some valleys, river deposits of silt, 
mud, and gravel. These are, however, of little importance 
to the subject before us. Under ordinary conditions they 
are generally sufficiently impervious to prevent the water 
from passing through into the beds beneath. 

36. The fourth question for consideration^ relates to the 
height of the districts^ wherein the water-bearing strata crop 

* For a description, and an inquiry into the origin of these peculiar beds, which 
are full of the debris of Secondary and older rocks transported from great distances 
northward, see a paper by Sir Charles Lyell, in the London and Edin. Phil. Mag. for 
May 1840. Also a paper by Mr. Trimmer on '*The Geology of Norfolk," con- 
taining an account of this and of several other forms of drift, in the Joum. Roy. 
Agric. Society, Vol. VIL part 2. 
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out, above that of the surface of the country in which the 
welh are placed. On this point depends the level to which 
the water in the Artesian wells may ascend. 

As the country rises on both sides from the Thames to the 
edge of the chalk escarpments, and as the outcrop of the 
Lower Tertiary strata is intermediate between these escarp- 
ments and the Thames, it follows that the outcrop of these 
lower beds must, in all cases, be on a higher level than the 
Thames itself, where it flows through the centre of the Ter- 
tiary district. Its altitude is, of course, very variable, as shown 
in the following list of its approximate height above Trinity 
high- water-mark at London.* These heights are taken where 
the Tertiaries are at their lowest level in the several localities 
mentioned. 



South of London. 


North of London. 


Feet 

Croydon about 130 

Leatherhead „ 90 

Guildford „ 96 

Old Basinir 250 


Feet 

Hertford about 200 

Watford „ 170 

Slough „ 60 

Reading „ 120 

Newbury „ 236 


Near Hungerford „ 360 



Eastward of London these strata crop out on the whole 
at a gradually decreasing level, but exact data are wanting. 

In consequence, therefore, of the outcrop of the water-bear- 
ing strata being thus much above the surface of the central 
Tertiary district bordering the Thames, the water in these 
strata beneath London tended originally to rise above that 
surface. 

As, however, these beds crop out on a level with the 
Thames immediately east of the city between Deptford, 
Blackwall, and Bow, the water, having this natural issue so 

* High-water-mark, Trinity Standard (1800), at the Shadwell entrance of the 
London Docks, is 2*0361 above Sheemess spring high- water, or 19*6699 feet above 
spring low- water mark of the sea at Sheemess (Lloyd, Phil. Trans. 1881). 
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near, could never have risen in London much above the level 
of the river (see § 15). 

At Waltham Abbey and Edmonton, as well as at Merton 
and Tooting, the Artesian wells still overflow ; but at London, 
owing to disturbances in the strata, and the great increase 
in the number of these wells, the water does not now rise to 
within a distance varying from about forty to sixty feet below 
the river-level. 

37. The fifth question relates to the quantity of rain falling 
in the district in which the water-hearing strata crop out. 
This varies materially, and must be calculated separately 
for each water-gathering district. A term of not less than ten 
or twenty years should be taken, as the difference in the 
rain-fall from one year to another, is sometimes very great. 
The proportion between the fall in summer and winter should 
also be noted. 

The mean annual fall at London, according to observa- 
tions at the Greenwich Observatory, and those of Mr. Howard 
at Stratford, &c. (IT 99), for a period of thirty-four years, 
appears to average about 24^ inches, which is equal to rather 
more than 854 million gallons annually, or 970,758 gallons 
daily, on each square mile. 

A certain proportion of this fall, dependent upon the con- 
ditions laid down in the second and third questions, passes 
into the water-bearing strata ; in addition to which those beds 
may also receive part of the rain thrown off* by adjacent 
impervious surfaces (see IT 94 — 6 and §11, for a fuller discus- 
sion of this question). 

88. The sixth question relates to the disturbances which may 
have affected the strata ; for whatever may be the absorbent 
power of the strata, the yield of water will be more or less 
diminished, wherever the channels of communication have 
suffered break or fracture. 

If the strata remained continuous and unbroken, we should 
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merely have to ascertain the fall of raiD, and the dimensions 
and lithological character of the strata, in order to determine 
their water value. But if the continuity of the strata be 
broken, the interference with the subterranean transmission 
of water will be proportionate to the extent of the disturb- 
ance.* 

Although the Tertiary formations around London have pro- 
bably suffered less from the action of disturbing forces than the 
strata of any other district of the same extent in England, 
yet they nevertheless now exhibit considerable alterations 
from their original position. 

The principal change has been that which, by elevation 
of the sides, or depression of the centre of the district, gave 
the Tertiary deposits their present trough-shaped form."(- If 
no further change had taken place we might have expected 
to find an uninterrupted communication in the lower Tertiary 
strata, from their northern outcrop at Hertford to their southern 
outcrop at Croydon, as well as from Newbury on the west to 
the sea on the east ; and the entire length of 260 miles of 
outcrop would have contributed to the general supply of water 
at the centre. 

39. But this is far from being the case ; several disturbing 
causes have deranged the regularity of original structure. 
The principal one has produced a low axis of elevation, or 
rather a line of flexure, running east and west, following 
nearly the course of the Thames from the Nore to Deptford, 
and apparently continued thence to beyond Windsor. It 

* The term disturbance, as used in Geology, refers to the effect of that subterranean 
power, which, acting upon the crust of the earth, has produced those elevations of 
the strata, varying from narrow hill ridges to chains of mountains, — or, even where 
the country is at present apparently level, has left, in the fractures and contortions 
of the strata, beneath the sur&ce, evidence of its action. Sometimes, although the 
disjointed parts may remain nearly horizontal, yet each part will be on different levels ; 
at other times, the strata assume a roof or saddle-shaped position. (See ^ 50 and 
.118). 

t Assuming it not to be the result of original deposition. 
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brings up the chalk at Cliff, Purfleet, Woolwich, and Loam- 
pit hill, to varied but moderate elevations above the river 
level. Between Lewisham and Deptford the chalk disappears 
below the Tertiary series, and does not again come to the 
surface till we reach the neighbourhood of Windsor* and 
Maidenhead (see Map). 

The rise of the Lower Tertiary beds from beneath the 
London clay, in the railway section at and immediately south 
of New Cross, exhibits a transverse section of this line of dis- 
turbance. Thence to Windsor it is apparently not continuous, 
and can be traced only in sections of wells, which show that 
the chalk along this line comes at intervals nearer to the 
surface than it does either to the north, or to the south, of 
the presumed axis. 

This disturbance has an important bearing upon the supply 
of water to the Artesian wells of London, and may mate- 
rially interfere with and diminish the supply from the southern 
outcrop of the Lower Tertiary strata. 

40. There is also, probably, another line of disturbance 
running between some points north and south, and inter- 
secting the first line at Deptford. It passes apparently near 
Beckenham and Lewisham, and then, crossing the Thames 
near Deptford, continues up a part, if not along the whole 
length, of the Valley of the Lea towards Hoddesdon. This 
disturbance appears in some places to have resulted in a 
fracture or a " fault" in the strata, placing the beds on the 
east of it on a higher level than those on the west, and at 
other places merely to have produced a curvature in the 
strata. I am unable, however, to give its exact course or 
structure, which requires further examination. Its effect, at 
all events, upon the supply of water to London is impor- 
tant, as in conjunction with the first, or " Thames valley" 

* Windsor Castle stands upon chalk, although apparently in the midst of a Tertiary 
district. 
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disturbance, it cuts off the supplies from the whole of Ken,t^ 
and interferes, I conceive, most materially with the supply 
from Essex; for in its course up the Valley of the Lea it 
either brings up the lower Tertiary strata to the surface, as 
at Stratford and Bow, or else, as further up the valley, it 
raises them to within forty to sixty feet of the surface. 

41. The Tertiary district thus appears, on a general view, to 
be divided naturally into four portions, by lines running nearly 
east and west^ and north and south, the former line passing 
immediately south, and the latter east, of London, which 
stands at the south-east comer of the north-western division, 
and consequently it must not be viewed as the centre of one 
large and unbroken area so far as the Tertiary strata are 
concerned (See Map).* 

* There are so few natural sections in the Tertiary district, that it is ex- 
tremely difficult to trace lines of fault, or disturbance, except where the chalk has 
been brought by them to the sur&ce. The lines mentioned in the text approximate, 
I believe, to the truth ; still they must be received as uncertain. Of the course of 
the *' Thames valley ^^ line, the proofs are tolerably conclusive, but of the north and 
south or " Lea valley " line further evidence of its course beyond Stratford and 
Deptford is required. There are many minor disturbances, the lines of which it 
would be difficult to follow. One of these runs parallel with the main east and 
west line of disturbance, at a distance of about two miles north of it. At Gray*s 
Inn Lane, this disturbance brings the chalk to within about seventy feet of the sur- 
face of the Thames at high water, but it does not appear to extend far westward. 
The smaller faults in the neighbourhood of Deptford, Lewisham, and Greenwich, are 
very numerous and difficult to be traced. For further particulars of the strata and 
faults in these latter districts, I beg to refer the reader to a paper by the Rev. H. M. 
De La Condamine in the Quart. Joum. Geol. Soc. Vol. VI. p. 440, 1850. 



III.— EXTENT AND STRUCTURE OP THE SEVERAL 
WATER-BEARING DEPOSITS. 



§ 4. The Lower Tertiary Strata. 

42. Having discussed the general questions we proceed to 
their special application, commencing with the Tertiary strata. 
The lithological structure of this series having been described 
in illustration of the preceding argument need not be repeated 
here. 

It may be convenient for the purpose of comparison to con- 
sider the area covered by these strata in the four separate 
divisions formed by the intersection on the Map of the two 
principal lines of disturbance. 

The north-eastern division embraces generally the district 
north of the Thames and east of the river Lea, and includes 
the whole of Essex and part of Suffolk and Herts. The south- 
eastern forms a district east of the Bavensbourne and south 
of the Thames, including nearly all North Kent. The north- 
western division, — the district west of the river Lea and 
north of a line drawn from New-Cross to Windsor, in- 
cluding Middlesex, the greater part of Herts, and part of 
Bucks and Berks. The south-western division, — the district 
south of the latter line and west of the valley of the Bavens- 
bourne, comprising Surrey and part of Berks and Hants. As 
these districts agree to a great extent with physical divisions 
on the surface, they can be readily borne in mind. (See 
Map and explanation of Map.) 

43. North-Eastern Division, — This division occupies a 
much larger area than the others. The northern outcrop of 
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its water-bearing Lower Tertiary strata (i) extends about 
seventy-two miles, from Hoddesdon to Woodbridge. Its 
position is, as before mentioned (IF 31), most unfavourable 
for a water-gathering surface, being placed along nearly its 
whole length on the sides and slopes of hills, and covered, to 
a very great extent, by beds of impervious drift. There is, 
however, another outcrop on the south of this division, ranging 
along the Thames from Stratford to East Tilbury, on which 
line the lower sands are of considerable thickness, and are 
only partially covered by beds of gravel, generally permeable. 
This zone of outcrop receives little or no drainage from the 
adjoining districts, all its supply being derived from the rain- 
water which falls on its own surface. The supply of water in 
this division by means of overflowing Artesian wells, a con- 
siderable number of which have been sunk, is usually small in 
quantity, rarely exceeding a few gallons per minute, and some- 
times even less than a gallon, but it is steady ; and in the 
low marshy islands at the mouth of the Thames (where 
formerly, in warm summer weather, fresh water was very 
scarce) a constant and regular supply is now afforded at all 
seasons by means of them.* 

44. Nothing can better illustrate the value and peculiar 
character of the Artesian system than the efficiency of the 
borings in these situations, — in the midst of extensive levels 
with their stagnant and frequently brackish waters bordering 
the sea, from which many of them have been reclaimed. Be- 

♦ In the Third vol. Proc. Geol. Soc., p. 131, is a short paper by Dr. Mitchell, ** On 
the wells found by digging and boring in the gravel and London clay, in Essex ; 
and on the geological phenomena disclosed by them,*' in which will be found several 
sections of wells mentioned in the text, and of others besides. 

From the depth of the wells in this district, the pressure of the water on the 
under surface of the London clay is very great. At the base of the London clay large 
tabular masses of Septaria are common. This is known as the ** water-rock," and as 
soon as it is tapped the water rushes up with great force and will fill the well, 
although it may be very deep, in a few minutes. So great is the force exerted that 
sometimes the water has been known, when shafts are sunk, to Uotv up five feet of the 
clay, before the works have reached the spring. 
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fore the introduction of Artesian wells* these districts used to 
suffer much from the want of fresh water, being entirely de- 
pendent upon that supplied by rain. 

In the higher and more northern parts of Essex the water 
in the wells rises very considerably above the level of the 
Thames, but does not overflow on the surface. 

The foUowhig are the dimensions of the Lower Tertiary 
strata in this division of the Map : — 



Total extent of Tertiary area 

Low&r Tertiary strata — extent of area . 

length of outcrop . 

thickness of permeable portions 



vt 



>» 



»♦ 



] 524 square miles. 
64 „ 
95 miles. 
36 feet. 



»» 



45. South Eastern Division, — The second or south-eastern 
division contributes even less than the preceding one to the 
supply of London with water. 

The Artesian wells of Sheppey and adjacent parts of Kent 
are sunk in detached and isolated masses of the London clay, 
but as they do not at all affect the supply of water to Lon- 
don, a description of them may be omitted here, although 
the phenomena they present is often of considerable local 
interest. 

The space occupied by the outcrop of the Lower Tertiary 
strata in this south-eastern division is very much larger than 
in any other. At its western side it approaches very near 

* The following list shows the depth, on Dr. Mitchell's authority, of some of the 
Artesian wells in Essex : — 



Name of Place. 

Foulness Island 

Mersea and adjoining Islands. 

Wallis Island 

Little Wigborough 

Woodham 

North Ockenden 

Fobbing 

Bulpham Fen 



Average 

depth of 

the wells 

in Feet. 



450 
300 
400 
250 
350 
80 
100 
70 to 80 



All these wells overflow and 
yield, on an average, from about 
one to eight gallons per minute. 
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to London, but as its sand and pebble beds are superim- 
posed upon a base of chalk, and intersected by numerous 
valleys, the water absorbed on the surface of the hills finds 
an outlet on the sides of these intersecting valleys, and 
is thence carried off in the streams which flow to the 
Thames (see fig. 12, p. 34). It is possible, however, that the 
Tertiary strata in the neighbourhood of Southend, Bromley, 
and Beckenham, more immediately south-west of London, 
and which appear to dip under the London clay of the Nor- 
wood hills, may furnish some water to the London wells. 
There is, however, no evidence to show how far the north 
and south line of disturbance alluded to above (H 40) may 
interfere with its transmission. 

The following are the dimensions of this division : — 

Total extent of Tertiary area . . . 325 square miles. 

Lower Tertiary strata— extent of area . . . 195 „ „ 

„ „ length of outcrop . . 65 miles. 

„ „ thickness of the permeable portions 72 feet. 

It will be observed that in this south-eastern division the 
extent of exposed surface occupied by the Lower Tertiary 
strata forms a very large proportion of the whole, and 
that the water-bearing strata are of greater thickness than 
in any of the other divisions ; but all these favourable con- 
ditions are rendered nugatory by its peculiar geological struc- 
ture. 

46. South- Western Division. — This division is that in which 
the water-bearing strata crop out under the most favourable 
conditions, but their diminished thickness, as compared with 
that of the same beds in the south-eastern division, materially 
reduces their capacity for water ; nevertheless this district is 
of far greater importance with regard to the water-supply of 
London than that of the preceding divisions. 

Its dimensions are as follows : — 
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Total extent of Tertiarj area . . . . 741 sqoare miles. 

Lower Tertiary ttrcOa — extent of area • . . 45 „ ^ 

9» M length of outcrop . . 130 miles. 

99 M thickness of the permeable portions 22 feet. 

If a line to intersect this division be drawn from midway 
on its eastern boundary, to as far west as Kingston, it will 
traverse a tract of country in which, allowing for the undula- 
tions of the surface, I believe the water in the Artesian wells 
will be found to rise almost invariably to a height above 
that of high-water at London. At the same time there are 
places further westward where the mottled clays so predomi- 
nate, and the sands are so thin, that deep wells have been 
sunk without succeeding in obtaining any water at all.* 

47. As a general rule, however, considerable supplies of 
water are to be procured throughout the eastern portions 
of this district by means of Artesian wells. I would es- 
pecially refer to the Valley of the Wandle, between Wands- 
worth and Mitcham. In the village of Grarrett alone there 
are now four or five Artesian wells, all in good and effective 
condition. The one at the copper mills was sunk several 
years since. Its depth is 122 feet, and the water has con- 
tinued to overflow ever since its first issue. At a later 
period another well has been bored in the street of the 
village. The water rises several (five to ten) feet above the 
surface of the ground, and in quantity suflicient to supply 
the houses around. There is a third such well on some pre- 
mises adjacent to the village, and lately another has been 
made in the same neighbourhood, at the New Almshouses 
belonging to the parish of St. Clement Danes. Although on 
rather higher ground, the water flows some feet above the 

* As at Cobham, to a depth of about 412 feet ; at Sandgate, near Chertsey, about 
600 feet (?) ; and at Knap Hill> near Woking, 480 feet. All these wells traversed the 
London clay, and reached the Lower Tertiary strata, but owing to the great develop- 
ment of the mottled clays no water was found. 
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surface, and is laid on to all the ground-floors of the fortj- 
two surrounding dwellings, which it entirely supplies; whilst 
the spare water forms a small fountain in the garden in 
front. (See also H 52). 

At Tooting, Merton, and Mitcham, Artesian wells are also 
common, and the total supply of water is large, although 
there is a sinking from the level to which the water origi- 
nally rose :* yet it rises even now several feet above the 
level of the Wandle, and in quantities, as I was informed, 
varying at different wells from 50 to 160 gallons per mi- 
nute. This, however, requires to be determined by experi- 
ment. 

With regard to the underground flow of water from this 
south-western division to the north-western one, as the line 
of disturbance between New Cross near Deptford and Wind- 
sor has apparently produced but little effect, the continuity of 
the strata is only very partially, and at intervals, interfered 
with by it. But some impediment to the free subterranean 
passage of water from one division to the other is, on the 
whole, caused by it, and this is apparently greatest in the 
vicinity of London, decreasing as we proceed westward. 

48. North-Western Division. — It is at the south-eastern 
angle of this division that London is situated. 

The following are its dimensions : — 

Total extent of Tertiary area . . . 345 square miles. 

Lotoer Tertiary strata — extent of area . . . 50 „ „ 

length of the outcrop . 60 miles. 

thickness of permeable portions 15 feet. 



»» »» 



In the Hertfordshire part of this division the water-bearing 
strata are tolerably well developed ; but in Buckinghamshire, 
the mottled clay-beds largely predominate, and materially 

* This, however, arises not only from multiplying the wells too much in any one 
locality ; but also from defective construction, and from the tubes becoming obstructed 
by sand. 
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interfere with the water-value of the strata, which is 
further diminished by the unfavourable position (midway on 
the slopes of the hills) of the outcrop of the Lower Tertiary 
series. This district is covered generally, both on the hills 
and in the valleys, by thick beds of gravel and brick-earth ; 
and although these are, to a certain extent, permeable, yet 
by retarding the passage of water from the surface, they 
must lessen the quantity which would otherwise be absorbed 
by the Lower Tertiary strata. 

The main sources, therefore, from which the supplies in this 
division are derived, are the small transverse valleys and 
openings, which, running from the chalk district southward 
into the Tertiary series, expose at their base, and on lower 
levels, a greater extent of the water-bearing strata, (IF 31). 

This supply of water, limited as it is, is not transmitted 
without interruption to the Lower Tertiary strata beneath 
London. As far as the obscure character of the surface and 
absence of sections will allow me to judge, a slight disturbance 
in the form of a ridge or flexure of small elevation runs north- 
east and south-west through Northaw in Hertfordshire, where 
it raises the chalk to the surface considerably within the boun- 
daries of the Tertiary district. It passes thence under the 
hills between Potters Bar and Bamet, bringing up there the 
lower beds of the London clay in the tunnel on the line of 
the Great Northern Bailway. 

As this disturbance raises the chalk at Northaw apparently 
to nearly the same elevation as it is at its outcrop from Hd.t- 
field to Hertford, it must there form a barrier stopping the 
water received by the Lower Tertiary strata along that line 
of outcrop in its flow towards London (see Section 1). 

The rise of the chalk so near to the surface at Pinner and 
Euislip would there again interfere with the transmission 
of water. 

In consequence of these disturbances, and of the high level 

B 
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of the chalk in the district between its outcrop in Hertford- 
shire and the north-west of London, the quantity of water 
found in the sands is small in comparison with the yield in 
the districts north-east of London, nor does it rise to within 
a considerable distance of the general surface. 

It is in the valley of the Thames from Maidenhead to 
Windsor, that of the Golne near Uxbridge, and of the Lea at 
Hoddesdon, that the largest breadths of the Lower Tertiary 
strata are exposed in this north-west division, and where the 
drainage received from adjacent tracts is the greatest. 

In the western portions of this division the supply of water 
derived from the Lower Tertiary strata is limited and uncer- 
tain. In the extreme eastern portions it is much more 
abundant. In the Valley of the Lea from the north- 
east of London to Broxbourne, Artesian wells are numerous, 
there being as many as eight or ten (if not more) at and 
near Waltham Abbey, three or four at Edmonton, and 
several at Tottenham. They are generally about 80 to 100 
feet deep, and yield a steady supply of from two to eight 
gallons of water per minute, overflowing one to three feet 
above the surface. 

49. Let us pass from the outcrop of the strata to their posi- 
tion beneath London, where the numerous wells sunk of late 
years have afforded many opportunities of ascertaining the 
depth and thickness of the London clay, and of the sands 
and clays between that deposit and the chalk. 

It is now perfectly well known that the upper surface of 
the chalk underneath London is very irregular.* This has 

* A Paper on the inequalities of the Bur£Eice of the chalk beneath London was read 
two or three years since before the Institution of Civil Engineers by Mr. Braithwaite, 
and two sections traversing London are given by the same author in the Proc. of the 
Inst. Civ. Eng. 1850, Vol. IX. Mr. R. Mylne^s paper before referred to also shows, 
in a series of sections, the inequalities and depth to the chalk, and the thickness of 
the Tertiary strata, beneath London. The topographical map of Mr. Mylne is a 
valuable illustration of superficial areas occupied by these strata at London. 
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been frequently attributed to denudation of the chalk before 
the commencement of the Tertiary period, whereby hills and 
valleya similar to those of the existing surface of the land 
were formed ; and it has been inferred that these irregnilaritiea 
were afterwards filled up by the Tertiary strata. I do not 
quite agree in this view, although it is a condition which may 
exist to a certain extent. The chalk has no doubt been ex- 
tensively denuded, but still I have never seen in any length 
of exposed sections of the junction beds of the chalk and Ter- 
tiaries more than slight irregularities of the surface of the 
former, nor have I observed sufficient variation in the thick- 
nose of the mass of the Lower Tertiary strata to conclude that, 
at the commencement of the Tertiary period, the surface of the 
chalk was as varied as that of the present land. For, on the 
assumption that the chalk presented originally a surface of 
variable level, it would follow that the first series of sedimen- 
fVj,. 16. 




tary deposits spread over such a surface, would tend to fill up, 
and gradually to lessen and efface, these inetjuaiities. Conse- 
quently the thicliness of the strata at first deposited on the 
chalk, would vary in some measure according to the difierence 
between the height of these ancient hills aud the depths of 
the intersecting valleys (as showu in Fig. 15) ; so that they 
would be in some places very thick, and in others often 
almost wanting, and the London clay would repose imme- 
diately or nearly so upon the chalk. But such a result is 
exhibited only to a limited extent in the Lower Tertiary 
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There can be no doubt that there were irregularities in the 
deposition of the Lowei Tertiaries; and that the eroeioD, 
previously to their accumulation, of the surface of the chalk, 
which was evidently very great, may have led to some 
variation in their thickness ; but the chief cause of the great 
difference of level in the surface of the chalk uuderneath Lon- 
don, must be sought for in physical changes posterior to the 
formation of the Tertiary strata. 

50. These changes may have been effected either by ele- 
vation (as at A in fig. 16), or by fracture (as at b), causing 
differences, as great in one case as in the other, in the level of 
the chalk, whilst the ordinary thickness of the Lower Ter- 
jFV-16. 
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tiary strata would be maint»ned. Several lines of disturb- 
ance, most of them probably of the first kind (a), appear 
to traverse the Tertiary strata at and aronnd London, and 
generally to follow an east and west direction parallel to the 
main " Thames valley " axis of elevation or flexure ; and al- 
though none of them are on a large scale, they all interfere 
more or less with the passage of water through these strata. 

This peculiar irregularity of surface can be best understood 
by reference to actual sections, such as those of Mr. B. 
Mylne, where all the phenomena are remarkably well depicted. 

61, It would seem therefore that, notwithstanding the 
great length of the outcrop of the Lower Tertiary strata in 
the counties around London, only a very limited portion of 
it can contribute in any extent to the water supply of the 
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Artesian wells at London. The Essex, or north-eastern 
division, furnishes but little. The Kent, or south-eastern 
division, is probably even of less assistance ; and it is conse- 
quently from some few portions of the two western divisions 
that the bulk of the water seems to be derived : — 

1st, — from the outcrop of the Lower Tertiary strata, in 
parts of the valley of the Lea. 

2nd, — ^from some portion of the outcrop of the same beds, 
in the north-west of Middlesex. 

3rd, — and mainly, from their outcrop in East Surrey. 



62. Of what may now be the actual quantity of water ftir- 
nished by the Lower Tertiary sands it is difficult to form 
even an approximate estimate.^ 

In the absence of more exact data for determining this 
point, I can merely hazard a few general calculations, taking 
minimum quantities. In the first place, the Valley of the Wan- 
die from Wandsworth to Merton and Mitcham, presents us 
with the most accessible and best data in that district. Many 
of the wells yielded originally from 160 to 200 gallons per 
minute, but the quantity is now (owing to various causes) 
generally less.-f* In the second place, in the valley of the Lea 
between Clapton, Waltham Abbey, and Broxboume, there are 
a number of Artesian wells ; those at Waltham Abbey yield- 
ing, as we have just mentioned (p. 60), from two to eight 

* For an account of the former yield of some of the early Artesian wells around 
London, see the work beforementioned (p. 10), of M. Hericart de Thury. 

•f At Mr. Shears* copper mill at Merton, the water rose originally thirty feet above 
the sur&ce ; and the yield at a height of three or four feet, was found to be 200 gal- 
lons per minute. This, I believe, was the largest result obtained in this district. 
When I saw the well in June 1850, 1 could not, owing to the distribution of the 
water in several channels, ascertain its exact yield. It was supposed to be about 
100 gallons per minute. 

At the copper mill at Garrett the yield at the surface exceeded 120 gallons per 
minute, and continues without apparent decrease. 
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gallons per minute. At London and the neighbourhood 
(westward), where the water does not rise to the surface, 
there are no sufficient opportunities of ascertaining the supply. 
These remarks have reference only to the wells which de- 
rive their supplies from the Lower Tertiary sands. In the 
valley of the Wandle there are few or no exceptional cases.* 
In the valley of the Lea, on the contrary, many wells are 
carried down into the chalk. These are excluded in the 
following, which is a very rough, and, I believe, low esti- 
mate of the quantity of water which these strata may be sup- 
posed to yield in two given districts of limited dimensions ; 
assuming, on a moderate calculation, that there are about 
fifteen to twenty Artesian wells in the valley of the Wandle, 
and about twenty to thirty in the valley of the Lea. 

Daily Supply. 
Valley of the Wandle . . from 800,000 to 1,200,000 gala. 

Do. of the Lea . • „ 120,000 „ 200,000 „ 

The preceding observations have, however, reference only 
to those districts in which the water overflows at the surface, 
and which constitute but a small portion of the area over 
which the Lower Tertiary strata extend. Elsewhere, how- 
ever, within this area, where the ground is higher, the water 
does not rise to the surface, and the wells, although nu- 
merous, are no longer so conspicuous.f 

63. If, taking the country westward of the meridian of 
Greenwich, a line be drawn passing about nine miles south, 
18 to 20 miles west, and 14 to 15 miles north, of St. PauFs, it 

* At Mitcham, Mr. Nightingale has, however, recently sunk one through 1 90 feet 
of Tertiary strata, to a depth of 21 feet in the chalk, and has obtained a laige 
jet of limpid and excellent water, rising several feet above the sorfiice of the ground, 
and which supplies his dye works, his neighbours, and forms a fountain besides. This 
case is remarkable for the height to which the water from the chalk rises. 

t I consider all these wells as ^ Artesian.** The same principle of compression of 
the water by an impermeable mass of strata below the level it would naturally take, 
is applicable to all ; although the variable level of the surfcice of the ground, and local 
exhaustion of the strata, limit the overflow to a few localities only. 
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will include a tract in which, with few exceptions, the Lower 
Tertiary strata are water-bearing, and in many parts of which 
they serve commonly as sources of water supply. In Lon- 
don itself the supply firom the sands is no doubt considerable, 
but the wells are so numerous both in this deposit and in the 
chalk, and the exhaustion, consequent on the large demand, 
so great, that it has, I believe, led to an intercommunication 
of the waters firom these two sources, such as would render 
it almost impossible to assign to each the relative proportion 
which it contributes to the water supply,-— or rather to de- 
termine how much of the water found in the chalk belongs 
properly to that deposit, and how much of it is derived from 
the overlying Tertiary sands.^ There are still, however, a 
considerable number of weUa in the sands drawing a supply 
of from 10 to 50 gallons per minute.-f- 

Including, however, the whole of this area, we may safely cal- 
culate that the number of the principal deep wells deriving their 
supplies from the Tertiary sands is not less than 250 to SOO.} 

* The Tertiary sands haying, of late especially, been often found to yield an insuf- 
ficient quantity of water, it has become usual, when larger supplies are required, to 
carry down the wells into the chalk. The result is generally, but not always, 
favourable. The water from the sands is sometimes admitted in addition to that 
from the chalk, at other times and more commonly the water from the Tertiary 
strata is shut out, and excluded from the well. 

t It is rarely that we are furnished with any statement of the products of the two 
deposits in one shaft. Mr. Robert Davison has, however, given some exact infor- 
mation on this point, though, of course, no comparative estimate can be derived from 
a single case. He states that in sinking the well at Messrs. Truman, Hanbury 
and Co.% an abundant supply of water was obtained in the Lower Tertiary sands 
at a depth of 135 feet. At 200 feet the chalk was reached, and the well was con- 
tinued in it to a further depth of about 200 feet. By means of iron cylinders 
pierced at intervals, the water from the sand was allowed to flow into the well. 
The result was that 4,860 gallons of water per hour were obtained. Of which quan- 
tity, as well as I can make the numbers agree, 2,880 gallons came from the Tertiary 
sands, and 1,980 gallons from the chalk (see Min. of Proc. Inst. Civ. Eng. 1842). 
Since this period, however, the exhaustion of these sands has greatly increased. 

At the well on the Lower Heath, Hampstead, 70 gallons per minute are pumped up 
continuously, — of which 60 gallons are from the sands, and 10 gallons from tho chalk. 
The first 40 feet of the latter yielded no water. 

t The number, however, is probably much greater than this. 
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The delivery of water from those wells which do not overflow, 
will of course be very much less than at those where a constant 
flow above the surface is going on ; but as the ordinary wells 
are so numerous, and there are other overflowing wells than 
those enumerated above, I do not think that, taking the whole 
of them into account, we shall exceed the bounds of proba- 
bility in estimating the yield of water from this group of 
strata, within the area just defined, at 3,000,000 to 4,000,000 
gallons daily. Whilst if, as there are grounds to believe, 
much of the water derived from the upper beds of the chalk 
beneath London is supplied by infiltration from the overlying 
sands, then this estimate of the quantity of water yielded 
by this source must be very considerably increased. (For in- 
quiries bearing on this point, and for some account of the 
character of the waters from the Lower Tertiary strata, see 
Appendix 0.) 
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§ 5. The Chalk. 

54, From the large extent of country occupied by the 
Chalk formation in the counties around London, from the 
breadth of its denuded surface, its great porosity and ab- 
sorbent power, and the number and abundance of its springs, 
peculiar interest attaches to it as a source of water supply. 
The question presents so many conflicting facts that it has 
given rise to much diversity of opinion upon some of the 
more theoretical points.* 

* It has been made the subject of inquiry and research on the part both of 
engineers and geologists ; — 

With regard to the large supplies unquestionably often obtained from the Chalk 
where it forms the sutface of the country ^ Mr. Robert Stephenson, in his ** Reports to 
the Directors of the London, Westminster, and Metropolitan Water Company,** in 
1840 and 1841, mentions amongst a number of other localities, at which the quan- 
tity of water has been distinctly ascertained — the Tring cutting of the North Western 
Railway, where, notwithstanding the height of the ground, the yield of water amounted 
to upwards of 1,000,000 of gallons per day ; Winchester, where a well in the chalk 
supplies 31 ,680 gallons per 12 hours ; Arundel, where a shallow well in the chalk in 
the lower part of the town, and a spring in the chalk, in the upper part, supply nearly 
the whole town. At Brighton, from a well at the water-works, 97 feet deep, an 
engine of twenty-nine horse power lifts 231,840 gallons per 12 hours, and no com- 
plaints of want of water in the older wells in the town have arisen. At Dover the 
supply is nearly as large. At Deal, Ramsgate, Gravesend, and St. Albans, the 
supply is also large and abundant. Twelve hours* piunping reduces the level of the 
water in these different towns, from two to ten feet, but it is speedily restored. 
The report also expresses views &vourable to deriving, at Watford, large supplies of 
water from the chalk — as much or more than 8,000,000 gallons per diem, by means 
of works to proper depths, and sufficient driftways. With reference to underground 
springs Mr. Stephenson considered that the '* plastic clay sands,** are supplied with 
water chiefly through the medium of the chalk, which latter is the " great water- 
bearing stratum,** ^ from which all the Artesian wells beneath London, directly or 
indirectly, draw their supplies." In a discussion, however, in 1849, on the subject 
of the Artesian wells in London, he stated his opinion that these sources (from the sands 
and the chalk in their subterranean position) would not be at all adequate to the 
water-supply of the Metropolis. (Meeting of Inst. Brit. Architects, Nov. 1849.) 

Mr. S. C. Homersham, in his " London and Watford Spring-water Company 
Report** (1850), is of opinion, ^ that from the deep springs of the Chalk formation an 
enormous amount of water may be easily and cheaply obtained ;** and states that the 



58 EXTENT AND STRUCTURE. 

As this formation cannot, however, like one composed of 
arenaceous strata, be considered as truly permeable, an exact 

experimental well in the Bushey meadows actually yielded 1,800,000 gallons per day. 
He gives a number of calculations relative to the superficial area of the chalk, and 
estimates the quantity of rain foiling upon it, in the South of England, to amount to 
19595,000,000 gallons per day. The area of the chalk sloping towards Watford he 
calculates at 1200 square miles, receiving a daily mean supply of rain-water, equal to 
408,000,000 gallons, and that at present the water finds a vent, and is discharged along 
the sea coast. He states that there are large fissures or cavities in the chalk, from one 
to twelve feet in depth, and containing large quantities of water, and instances the 
powerful springs of Am well and Chadwell, as issuing from such interstices and fissures. 
The greater part of the rain-water falling on the chalk, he thinks, however, descends 
through fissures^ " until arrested by the bed of gault clay lying beneath the chalk.** 
He is further of opinion that even a much larger quantity than 8,000,000 gallons 
per day, '* might with focility be procured by a well or wells with adits, in the chalk 
under Bushey meadows, from a very small area,** and that the source firom which this 
water is obtained will not diminish in its yield. He observes also ^ that this water 
is remarkably free from organic matter, — at all times perfectly pellucid, — and when 
collected, and allowed to remain for a short time in reservoirs suitable for distribution, 
is as soft or softer than the Thames water.** He gives in an appendix, a variety of 
information connected with the quality and analysis of different waters. 

A plan has lately been suggested by Mr. P. W. Barlow for collecting the water 
which he proves to abound in many of the chalk valleys in Kent ; to intercept, in fact, 
by means which cannot be described here, a portion of the large quantity of water, 
— ^received by the exposed sur£EU» of the chalk in Kent, — as it passes down to the 
lower levels along the Thames. The quantity of water in some of these springs he 
has shown to be very considerable (Report to the Directors of the South- Eastern Rail- 
way, 1850). 

The preceding observations have reference chiefly to wells at the exposed surface 
of the chalk; those which follow relate to the Artesian wells which are sunk, through 
the overlying Tertiary strata, into the chalk. 

Dr. Buckland has frequently pointed out that the height of the water in the 
Artesian wells at London diminishes as the number of wells increases, to prove 
that the limits of the supply are already exceeded. (Bridgewater Treatise, 1836, 
p. 564, and elsewhere subsequently.) 

The Rev. J. C. Clutterbuck states, that the Artesian wells in the chalk around 
London, are being exhausted more rapidly than supplied. From a series of very 
careful experiments on the level of the springs in the chalk, he estimates tiie general 
pennanent depression of the water-level beneath London to be from 50 to 60 feet 
below Trinity high- water-mark (Proc. Inst. Civ. Eng. for 1842-3 and 1850). 

Mr. R. Mylne, in the third volume of the Trans. Civ. Eng. 1840, p. 229, makes 
some general observations on the sand and chalk wells in London, with reference, 
however, more particularly to the former. Mr. J. Simpson, in his observations on 
this paper, observed upon the number of Artesian wells of London in the chalk, and 
considered that large supplies might be derived from this source, by means of properly 
constructed works, and that its capabilities had not yet been fully developed. 

Mr. Robert Davison thinks tiie water to be obtained from the chalk more precarious 
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comparison between it and the Lower Tertiaries and Green- 
sands, which afford more definite and positive data for cal- 
culating their water value, cannot be established. I will 
therefore examine its conditions of water supply by them- 
selves, and as briefly as the nature of the subject will allow. 

55. The chalk not only forms a broad belt at a short 
distance around London, but also passes under the city at a 
depth not exceeding 150 to 250 feet; it might, therefore, if all 
the conditions were favourable, transmit a very large quantity 
of water from its exposed surfaces to these deep-seated por- 
tions imderlying the Tertiary strata, — to be there available 
by means of Artesian wells. 

Taking the whole of the chalk district surrounding the 
Tertiary tracts of Kent and Surrey, along with that portion 
in Hampshire and Wilts which lies north of a line drawn 
from Alton to Devizes,—- of Berkshire, Oxfordshire, Bucking- 
hamshire, Hertfordshire, Essex, Bedfordshire, Cambridgeshire, 
and of Suffolk, as far north as a line drawn from Newmarket 
to Woodbridge, — it forms an area of about 3794 square miles, 

than from other springs. Still, when crevices exist, it flows in large quantities (Min. 
of Proc. Inst. Civ. Engineers, p. 192, 1842). For yarious other opinions on this 
subject I would further refer to the discussions at the Institutes of Civil Engineers 
and British Architects, on the papers of Dr. Buckland, in 1842 and 1849, as well 
as to those on the papers abovementioned of the Rev. Mr. Clutterbuck. 

The capabilities of the chalk as a source of deep water- supply have been maintained 
by Mr. J. L. Tabbemer, who states that the quantity already supplied by the dif- 
ferent deep wells (almost all in the chalk) in and around London amounts to 
10,000,000 gallons daily, and considers that it might be increased to 50,000,000 
gallons daily. He recommends that the weUs should be sunk deeper into the chalk. 
(Letters to the Daily News, 13th and 15th March, 1850, and since republished by 
Renshaw). 

Sir W. Clay considers the objections to Artesian wells (those in the chalk and 
Tertiaries) as insuperable, on the grounds of insufficiency of supply, and uncertainty 
of quality, ''Remarks on the Water supply of London, 1849.^* Second Edition, 
p. 39: — a pamphlet containing much important information respecting the existing 
Water Companies. 

Mr. Seaward also objects strongly to Artesian wells for public supplies (Trans. 
Civ. Eng. Vol I. p. 145. 

Since these pages were written the question of the supply derivable from the chalk, 
has been discussed at length by Prof. Ansted in his Treatise on Geology (see p. 74). 
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on which the mean daily fall of rain is probably not less than 
3800 to 3900 million gallons (see Map). 

56. It is evident from the absence both of streams and also 
of standing waters on the surface, that a very large portion 
of the rain falling on a lare chalk district (as on the Downs 
of Epsom, Banstead, and the South Downs in general), infil- 
trates at once into the ground ; but what proportion of it is 
absorbed by the surface chalk or is returned again to the 
atmosphere by evaporation and by vegetation, and what 
proportion passes into the interior of the deposit to add to 
the springs, has yet to be determined. 

Over large districts in Essex, Hertfordshire, Buckingham- 
shire, Oxfordshire, Berkshire, and to a lesser extent over 
Surrey and Kent, the chalk, however, is not bare, but is 
covered by an impermeable bed of a ferruginous drift clay, 
10 to 20 feet thick, impeding almost invariably the passage 
of the surface water into the chalk below. This clay, how- 
ever, rarely exists in any extent except on the higher grounds.* 
The sides and bottoms of the valleys, and a large portion of 
the hills, are generally free from impermeable drift ; and the 
former receive not only the rain-water falling immediately 
upon their surface, but also a portion of that which is thrown 
off by the clay drift, where it covers the adjacent hills. 

It is to be observed also that there are several outliers of 
Tertiary strata of some extent (omitted generally in the Map) 
which further reduce the area of bare chalk. 

57. That the chalk is porous, and will imbibe a large quan- 
tity of water is certain (see note p. 74) ; but its texture is too 
fine and close to allow water to pass freely through it. I have 
found by experiment that a piece of chalkf two inches thick, 
and containing 63 cubic inches, absorbed 12 cubic inches of 
water in one minute, 20 cubic inches in five minutes, and became 

* The gravel in the valleys in these districts is far more permeable. 
t From the middle chalk, Ware. 
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fully satnrated with 26 inches in 15 minutes. Nevertheless 
when left to drain for 12 hours, this specimen yielded only 
•—* cubic inch of water ; while the same piece of chalk thus 
saturated transmitted water so slowly, that in 12 hours, 
and with 8 square inches of its surface kept covered with 
half an inch of water, only -^^^ of an inch filtered through it. 
Through a mass of siliceous sands^ of the same dimensions, 
and under the same conditions, on the contrary, 320 cubic 
inches of water passed through in one hour, being equal to 3840 
inches in the 12 hours ; whilst 63 cubic inches of sand 
saturated with 22 cubic inches of water, gave off by drainage 
about four cubic inches in the 12 hours (p. 114). 

The surface of the chalk to the depth of several feet be- 
neath the ground is commonly very much broken and fissured in 
all directions, and into these fissures the rain-water rapidly 
passes. They decrease in number as the distance from the 
surface increases, but the larger fissures being continued to 
greater depths, a certain quantity of free water can pass to 
the lower portions of the chalk. In these deep-seated beds 
it is along the unadhering surfaces formed by the planes 
of stratification! especially that water is transmitted. 

Looking, however, at the remarkable rapidity with which 
chalk imbibes water, the excessively crevised condition of 
its surface, and its strong retentive power, I apprehend that 
by far the greater proportion of the rain-fall is arrested in the 
few feet of chalk immediately beneath the vegetable mould; 
and that it is only in heavy and long- continued rains that any 
water finds its way to those low levels, where, from the 
constant contact of water, the mass of the chalk must be fully 
saturated, and where, consequently, the water passes through 
the fissures without any further loss. The mere contact of 
dry chalk, for a few minutes, with water, sufficing for the 

* Specimen No. 11 in table, p. 114. 

t The parallel horizontal surfaces dividing the deposit into beds. 
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on which the mean daily fall of rain is probably not less than 
3800 to 3900 million gallons (see Map). 

56. It is evident from the absence both of streams and also 
of standing waters on the surface, that a very large portion 
of the rain falling on a hare chalk district (as on the Downs 
of Epsom, Banstead, and the South Downs in general), infil- 
trates at once into the ground ; but what proportion of it is 
absorbed by the surface chalk or is returned again to the 
atmosphere by evaporation and by vegetation, and what 
proportion passes into the interior of the deposit to add to 
the springs, has yet to be determined. 

Over large districts in Essex, Hertfordshire, Buckingham- 
shire, Oxfordshire, Berkshire, and to a lesser extent over 
Surrey and Kent, the chalk, however, is not bare, but is 
covered by an impermeable bed of a ferruginous drift clay, 
10 to 20 feet thick, impeding almost invariably the passage 
of the surface water into the chalk below. This clay, how- 
ever, rarely exists in any extent except on the higher grounds.* 
The sides and bottoms of the valleys, and a large portion of 
the hills, are generally free from impermeable drift ; and the 
former receive not only the rain-water falling immediately 
upon their surface, but also a portion of that which is thrown 
off by the clay drift, where it covers the adjacent hills. 

It is to be observed also that there are several outhers of 
Tertiary strata of some extent (omitted generally in the Map) 
which further reduce the area of bare chalk. 

57. That the chalk is porous, and will imbibe a large quan- 
tity of water is certain (see note p. 74) ; but its texture is too 
fine and close to allow water to pass freely through it. I have 
found by experiment that a piece of chalkf two inches thick, 
and containing 63 cubic inches, absorbed 12 cubic inches of 
water in one minute, 20 cubic inches in five minutes, and became 

* The gravel in the valleyB in these districts is far more permeable. 
t From the middle chalk, Ware. 
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fiilly sataiated with 26 inches in 15 minntes. Nevertheless 
when left to diain for 12 hours, this specimen yielded only 
-^^ cubic inch of water ; while the same piece of chalk thus 
saturated transmitted water so slowly, that in 12 hours, 
and with 8 square inches of its surface kept covered with 
half an inch of water, only -f^^ of an inch filtered through it. 
Through a mass of siliceous sands^ of the same dimensions, 
and under the same conditions, on the contrary, 320 cubic 
inches of water passed through in one hour, being equal to 3840 
inches in the 12 hours ; whilst 63 cubic inches of sand 
saturated with 22 cubic inches of water, gave off by drainage 
about four cubic inches in the 12 hours (p. 114). 

The surface of the chalk to the depth of several feet be- 
neath the ground is conmionly very much broken and fissured in 
all directions, and into these fissures the rain-water rapidly 
passes. They decrease in number as the distance from the 
surface increases, but the larger fissures being continued to 
greater depths, a certain quantity of free water can pass to 
the lower portions of the chalk. In these deep-seated beds 
it is along the unadhering surfaces formed by the planes 
of stratification-}* especially that water is transmitted. 

Looking, however, at the remarkable rapidity with which 
chalk imbibes water, the excessively crevised condition of 
its surface, and its strong retentive power, I apprehend that 
by fax the greater proportion of the rain-fall is arrested in the 
few feet of chalk immediately beneath the vegetable mould; 
and that it is only in heavy and long-continued rains that any 
water finds its way to those low levels, where, from the 
constant contact of water, the mass of the chalk must be fully 
saturated, and where, consequently, the water passes through 
the fissures without any further loss. The mere contact of 
dry chalk, for a few minutes, with water, sufficing for the 

• Specimen No. 11 in table, p. 114. 

t The parallel horizontal surfaces dividing the deposit into beds. 
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on which the mean daily fall of rain is probably not less than 
3800 to 3900 million gallons (see Map). 

56. It is evident from the absence both of streams and also 
of standing waters on the surface, that a very large portion 
of the rain falling on a hare chalk district (as on the Downs 
of Epsom, Banstead, and the South Downs in general), infil- 
trates at once into the ground ; but what proportion of it is 
absorbed by the surface chalk or is returned again to the 
atmosphere by evaporation and by vegetation, and what 
proportion passes into the interior of the deposit to add to 
the springs, has yet to be determined. 

Over large districts in Essex, Hertfordshire, Buckingham- 
shire, Oxfordshire, Berkshire, and to a lesser extent over 
Surrey and Kent, the chalk, however, is not bare, but is 
covered by an impermeable bed of a ferruginous drift clay, 
10 to 20 feet thick, impeding almost invariably the passage 
of the surface water into the chalk below. This clay, how- 
ever, rarely exists in any extent except on the higher grounds.* 
The sides and bottoms of the valleys, and a large portion of 
the hills, are generally free from impermeable drift ; and the 
former receive not only the rain-water falling immediately 
upon their surface, but also a portion of that which is thrown 
off by the clay drift, where it covers the adjacent hills. 

It is to be observed also that there are several outliers of 
Tertiary strata of some extent (omitted generally in the Map) 
which further reduce the area of bare chalk. 

57. That the chalk is porous, and will imbibe a large quan- 
tity of water is certain (see note p. 74) ; but its texture is too 
fine and close to allow water to pass freely through it. I have 
found by experiment that a piece of chalkf two inches thick, 
and containing 63 cubic inches, absorbed 12 cubic inches of 
water in one minute, 20 cubic inches in five minutes, and became 

* The gravel in the valleys in these districts is for more permeable. 
t From the middle chalk, Ware. 
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fully satarated with 26 inches in 15 minutes. Nevertheless 
when left to drain for 12 hours, this specimen yielded only 
^* cubic inch of water ; while the same piece of chalk thus 
saturated transmitted water so slowly, that in 12 hours, 
and with 8 square inches of its surface kept covered with 
half an inch of water, only -^^^ of an inch filtered through it. 
Through a mass of siliceous sands^ of the same dimensions, 
and under the same conditions, on the contrary, 320 cubic 
inches of water passed through in one hour, being equal to 3840 
inches in the 12 hours ; whilst 63 cubic inches of sand 
saturated with 22 cubic inches of water, gave off by drainage 
about four cubic inches in the 12 hours (p. 114). 

The surface of the chalk to the depth of several feet be- 
neath the ground is commonly very much broken and fissured in 
all directions, and into these fissures the rain-water rapidly 
passes. They decrease in number as the distance from the 
surface increases, but the larger fissures being continued to 
greater depths, a certain quantity of free water can pass to 
the lower portions of the chalk. In these deep-seated beds 
it is along the unadhering surfaces formed by the planes 
of stratification"!* especially that water is transmitted. 

Looking, however, at the remarkable rapidity with which 
chalk imbibes water, the excessively crevised condition of 
its surface, and its strong retentive power, I apprehend that 
by far the greater proportion of the rain-fall is arrested in the 
few feet of chalk immediately beneath the vegetable mould; 
and that it is only in heavy and long-continued rains that any 
water finds its way to those low levels, where, from the 
constant contact of water, the mass of the chalk must be fully 
saturated, and where, consequently, the water passes through 
the fissures without any further loss. The mere contact of 
dry chalk, for a few minutes, with water, sufficing for the 

* Specimen No. 11 in table, p. 114. 

t The parallel horizontal surfaces dividing the deposit into beds. 
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on which the mean daily fall of rain is probably not less than 
3800 to 3900 million gallons (see Map). 

56. It is evident from the absence both of streams and also 
of standing waters on the surface, that a very large portion 
of the rain falling on a hare chalk district (as on the Downs 
of Epsom, Banstead, and the South Downs in general), infil- 
trates at once into the ground ; but what proportion of it is 
absorbed by the surface chalk or is returned again to the 
atmosphere by evaporation and by vegetation, and what 
proportion passes into the interior of the deposit to add to 
the springs, has yet to be determined. 

Over large districts in Essex, Hertfordshire, Buckingham- 
shire, Oxfordshire, Berkshire, and to a lesser extent over 
Surrey and Kent, the chalk, however, is not bare, but is 
covered by an impermeable bed of a ferruginous drift clay, 
10 to 20 feet thick, impeding almost invariably the passage 
of the surface water into the chalk below. This clay, how- 
ever, rarely exists in any extent except on the higher grounds.* 
The sides and bottoms of the valleys, and a large portion of 
the hills, are generally free from impermeable drift ; and the 
former receive not only the rain-water falling immediately 
upon their surface, but also a portion of that which is thrown 
off by the clay drift, where it covers the adjacent hills. 

It is to be observed also that there are several outliers of 
Tertiary strata of some extent (omitted generally in the Map) 
which further reduce the area of bare chalk. 

57. That the chalk is porous, and will imbibe a large quan- 
tity of water is certain (see note p. 74) ; but its texture is too 
fine and close to allow water to pass freely through it. I have 
found by experiment that a piece of chalkf two inches thick, 
and containing 63 cubic inches, absorbed 12 cubic inches of 
water in one minute, 20 cubic inches in five minutes, and became 

* The gravel in the valleys in these districts is far more permeable. 
t From the middle chalk, Ware. 
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fully saturated with 26 inches in 15 minutes. Nevertheless 
when left to drain for 12 hours, this specimen yielded only 
^* cubic inch of water ; while the same piece of chalk thus 
saturated transmitted water so slowly, that in 12 hours, 
and with 8 square inches of its surface kept covered with 
half an inch of water, only ■—* of an inch filtered through it. 
Through a mass of siliceous sands^ of the same dimensions, 
and under the same conditions, on the contrary, 320 cubic 
inches of water passed through in one hour, being equal to 3840 
inches in the 12 hours ; whilst 63 cubic inches of sand 
saturated with 22 cubic inches of water, gave off by drainage 
about four cubic inches in the 12 hours (p. 114). 

The surface of the chalk to the depth of several feet be- 
neath the ground is commonly very much broken and fissured in 
all directions, and into these fissures the rain-water rapidly 
passes. They decrease in number as the distance from the 
surface increases, but the larger fissures being continued to 
greater depths, a certain quantity of free water can pass to 
the lower portions of the chalk. In these deep-seated beds 
it is along the unadhering surfaces formed by the planes 
of stratification"!* especially that water is transmitted. 

Looking, however, at the remarkable rapidity with which 
chalk imbibes water, the excessively crevised condition of 
its surface, and its strong retentive power, I apprehend that 
by far the greater proportion of the rain-fall is arrested in the 
few feet of chalk immediately beneath the vegetable mould; 
and that it is only in heavy and long- continued rains that any 
water finds its way to those low levels, where, from the 
constant contact of water, the mass of the chalk must be fully 
saturated, and where, consequently, the water passes through 
the fissures without any further loss. The mere contact of 
dry chalk, for a few minutes, with water, sufficing for the 

* Specimen No. 11 in table, p. 114. 

t The parallel horizontal surfaces dividing the deposit into beds. 
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on which the mean daily fall of rain is probably not less than 
3800 to 3900 million gallons (see Map). 

56. It is evident from the absence both of streams and also 
of standing waters on the surface, that a very large portion 
of the rain falling on a hare chalk district (as on the Downs 
of Epsom, Banstead, and the South Downs in general), infil- 
trates at once into the ground ; but what proportion of it is 
absorbed by the surface chalk or is returned again to the 
atmosphere by evaporation and by vegetation, and what 
proportion passes into the interior of the deposit to add to 
the springs, has yet to be determined. 

Over large districts in Essex, Hertfordshire, Buckingham- 
shire, Oxfordshire, Berkshire, and to a lesser extent over 
Surrey and Kent, the chalk, however, is not bare, but is 
covered by an impermeable bed of a ferruginous drift clay, 
10 to 20 feet thick, impeding almost invariably the passage 
of the surface water into the chalk below. This clay, how- 
ever, rarely exists in any extent except on the higher grounds.* 
The sides and bottoms of the valleys, and a large portion of 
the hills, are generally free from impermeable drift ; and the 
former receive not only the rain-water falling immediately 
upon their surface, but also a portion of that which is thrown 
off by the clay drift, where it covers the adjacent hills. 

It is to be observed also that there are several outliers of 
Tertiary strata of some extent (omitted generally in the Map) 
which further reduce the area of bare chalk. 

57. That the chalk is porous, and will imbibe a large quan- 
tity of water is certain (see note p. 74) ; but its texture is too 
fine and close to allow water to pass freely through it. I have 
found by experiment that a piece of chalkf two inches thick, 
and containing 63 cubic inches, absorbed 12 cubic inches of 
water in one minute, 20 cubic inches in five minutes, and became 

* The gravel in the valleys in these districts is far more permeable. 
t From the middle chalk, Ware. 
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fiilly satnrated with 26 inches in 15 minutes. Nevertheless 
when left to drain for 12 hours, this specimen yielded only 
^* cubic inch of water ; while the same piece of chalk thus 
saturated transmitted water so slowly, that in 12 hours, 
and with 8 square inches of its surface kept covered with 
half an inch of water, only ■—*** of an inch filtered through it. 
Through a mass of siliceous sands^ of the same dimensions, 
and imder the same conditions, on the contrary, 320 cubic 
inches of water passed through in one hour, being equal to 3840 
inches in the 12 hours ; whilst 63 cubic inches of sand 
saturated with 22 cubic inches of water, gave off by drainage 
about four cubic inches in the 12 hours (p. 114). 

The surface of the chalk to the depth of several feet be- 
neath the ground is commonly very much broken and fissured in 
all directions, and into these fissures the rain-water rapidly 
passes. They decrease in number as the distance from the 
surface increases, but the larger fissures being continued to 
greater depths, a certain quantity of free water can pass to 
the lower portions of the chalk. In these deep-seated beds 
it is along the unadhering surfaces formed by the planes 
of stratification! especially that water is transmitted. 

Looking, however, at the remarkable rapidity with which 
chalk imbibes water, the excessively crevised condition of 
its surface, and its strong retentive power, I apprehend that 
by far the greater proportion of the rain-fall is arrested in the 
few feet of chalk immediately beneath the vegetable mould; 
and that it is only in heavy and long- continued rains that any 
water finds its way to those low levels, where, from the 
constant contact of water, the mass of the chalk must be fully 
saturated, and where, consequently, the water passes through 
the fissures without any further loss. The mere contact of 
dry chalk, for a few minutes, with water, sufficing for the 

* Specimen No. 11 in table, p. 114. 

t The parallel horizontal surfaces dividing the deposit into beds. 
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on which the mean daily fall of rain is probably not less than 
3800 to 3900 million gallons (see Map). 

56. It is evident from the absence both of streams and also 
of standing waters on the surface, that a very large portion 
of the rain falling on a hare chalk district (as on the Downs 
of Epsom, Banstead, and the South Downs in general), infil- 
trates at once into the ground ; but what proportion of it is 
absorbed by the surface chalk or is returned again to the 
atmosphere by evaporation and by vegetation, and what 
proportion passes into the interior of the deposit to add to 
the springs, has yet to be determined. 

Over large districts in Essex, Hertfordshire, Buckingham- 
shire, Oxfordshire, Berkshire, and to a lesser extent over 
Surrey and Kent, the chalk, however, is not bare, but is 
covered by an impermeable bed of a ferruginous drift clay, 
10 to 20 feet thick, impeding almost invariably the passage 
of the surface water into the chalk below. This clay, how- 
ever, rarely exists in any extent except on the higher grounds.* 
The sides and bottoms of the valleys, and a large portion of 
the hills, are generally free from impermeable drift ; and the 
former receive not only the rain-water falling immediately 
upon their surface, but also a portion of that which is thrown 
off by the clay drift, where it covers the adjacent hills. 

It is to be observed also that there are several outliers of 
Tertiary strata of some extent (omitted generally in the Map) 
which further reduce the area of bare chalk. 

57. That the chalk is porous, and will imbibe a large quan- 
tity of water is certain (see note p. 74) ; but its texture is too 
fine and close to allow water to pass freely through it. I have 
found by experiment that a piece of chalkf two inches thick, 
and containing 63 cubic inches, absorbed 12 cubic inches of 
water in one minute, 20 cubic inches in five minutes, and became 

* The gravel in the yalleys in these districtB is far more permeable. 
t From the middle chalk, Ware. 
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folly saturated with 26 inches in 16 minutes. Nevertheless 
when left to drain for 12 hours, this specimen yielded only 
•^^ cubic inch of water ; while the same piece of chalk thus 
saturated transmitted water so slowly, that in 12 hours, 
and with 8 square inches of its surface kept covered with 
half an inch of water, only j^^^ of an inch filtered through it. 
Through a mass of siliceous sands* of the same dimensions, 
and under the same conditions, on the contrary, 320 cubic 
inches of water passed through in one hour, being equal to 3840 
inches in the 12 hours ; whilst 63 cubic inches of sand 
saturated with 22 cubic inches of water, gave off by drainage 
about four cubic inches in the 12 hours (p. 114). 

The surface of the chalk to the depth of several feet be- 
neath the ground is commonly very much broken and fissured in 
all directions, and into these fissures the rain-water rapidly 
passes. They decrease in number as the distance from the 
surface increases, but the larger fissures being continued to 
greater depths, a certain quantity of free water can pass to 
the lower portions of the chalk. In these deep-seated beds 
it is along the unadhering surfaces formed by the planes 
of stratification! especially that water is transmitted. 

Looking, however, at the remarkable rapidity with which 
chalk imbibes water, the excessively crevised condition of 
its surface, and its strong retentive power, I apprehend that 
by far the greater proportion of the rain-fall is arrested in the 
few feet of chalk immediately beneath the vegetable mould; 
and that it is only in heavy and long-continued rains that any 
water finds its way to those low levels, where, from the 
constant contact of water, the mass of the chalk must be folly 
saturated, and where, consequently, the water passes through 
the fissures without any further loss. The mere contact of 
dry chalk, for a few minutes, with water, suflScing for the 

* Specimen No. 11 in table, p. 114. 

t The parallel horizontal surfaces dividing the deposit into beds. 
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absorption of 30 to 40 per cent of moisture, and that without 
the chalk losing its aspect of apparent dryness, shows how 
large a proportion of the rain-fall may, if I can so term it, be 
rendered latent by this strong capillary attraction. The water 
thus absorbed and held by the surface beds, must be wholly 
or in greater part returned again to the atmosphere by eva- 
poration direct, and indirectly by means of vegetation.* 

58. Where the chalk rises in hills, water does not appear to 
lodge in it, and it becomes in almost all these cases necessary 
to sink on the hills to the level of the adjacent valleys before 
reaching the water level. The position of this line of water- 
level depends, however, upon a number of conditions such as, 
slight differences in the lithological character of the strata, 
their dip (partly), the size and number of the fissures, and 
the depth and inclination of the valleys. It is also affected 
by the magnitude of the ** massif of the hills and the dis- 
tance, in the line of dip, of the lowest valley levels of the 
district, f 

It is evident from the facts cited by Mr. B. Stephenson and 
others, that the chalk in many parts of its exposed area con- 
tains considerable quantities of water, although in some places 

* It is probably this strongly absorbent and retentive quality of chalk that renders 
the bare chalk downs so dry and yet so constantly verdant. 

t No rule generally applicable can be laid down with regard to the &11 of the line 
of water-level, in traversing a chalk district at right angles to the range of the strata. 
It requires, in each case, to be experimentally determined. This has been very care- 
fully done in two distant portions of the chalk area. The first series of observations 
are those recorded by Mr. W. Bland, Jun., in 1832 (Phil. Mag. new ser. Vol. XI. 
p 88), in which he gives tables of the level at which the water stands in the wells along 
two lines (about six miles apart) traversing the chalk district from near Sittingboume 
to near Maidstone in Kent. Reducing these observations I find that on one line the 
fall of water-level is 330 feet in seven miles, or equal to 47 feet per mile, and on the other 
182 feet in four miles, or 45 feet per mile. The Rev. Mr. Clutterbuck, on the contrary, 
has shown (Proc. Inst. Civ. Eng. 1842-43 and 1850) by accurate measurement and 
by sections, that in Hertfordshire the average inclination of this level along a line of 
about 14 miles, from near Dunstable to Watford, is only 13 feet per mile. In one 
instance Mr. Bland shows that in a distance of rather less than a mile there is a dif- 
ference in the water-level of 102 feet, and in another of 93 feet in apparently less 
than a mile: these probably arise from some local cause. 
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it may be penetrated to great depths, without increasing the 
supply obtainable nearer to the surface. It is apparently 
within the first 50 to 100 feet below the level of the valleys 
of the district, and again in the beds immediately incumbent 
on the " chalk marl," that the most water is found. The 
intermediate portions are constantly found without any im- 
portant quantity of free water. 

The deep well at Saffron Walden, in Essex, passed through 
1000 feet of chalk before meeting with a suflScient supply 
of water;* and at Diss it was not until the whole of the 
chalk was traversed, that water was obtained. 

59. The chalk district around London generally rises above 
the level of the surrounding country ; its outer edge or escarp- 
ment usually attaining a height of from 400 to 800 feet above 
the level of the Thames at London, whilst at its point of 
junction with the Tertiary strata, its average height is from 
50 to 200 feet. If the chalk were perfectly permeable, 
so long as any water remained in it above the level of 
that portion which is beneath the Tertiary strata, all 
such water should percolate to that lower level; and the 
volume of the chalk above that line is so great, that no defi- 
ciencies in the supply should, under ordinary circumstances, 
be experienced. But this is not the case; fissures in the 
higher levels remain charged with water, whilst other fissures 
lower down are drained. These channels of communication 
are too small and few, and the chalk itself is too fine-grained 
and comparatively impermeable, to transmit readily in its 
deeper-seated beds any large quantities of water. 

60. That it can only be through fissures and not by general 
permeation in the mass, that water circulates through the 
chalk, is demonstrated by the fact that if a shaft be sunk into 
this formation to a depth of, say, 30 feet below the level at 

* A supply was obtained at a depth of 300 feet, but not being found sufficient the 
works were continued to this great depth. 
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which the water stands, and the water pumped out, it will be 
replaced by the abstraction of the water in all the communi- 
cating fissures, and from a distance dependent upon the 
size and number of the fissures, the quantity of water taken 
out, and the resistance to its flow through these narrow chan- 
nels, but more especially on the head of water on or above 
the level of the point of draught. Consequently the eflect is 
very variable, being sometimes comparatively imperceptible, 
and at other times extending over very considerable distances. 
Thus, along the boundary of the Tertiary area, beyond 
which the whole " massif" of the chalk district rises, the head 
of water is usually very large, and, provided the chalk be sufii- 
ciently fissured, the springs on this line can draw their sup- 
plies from all the upland tracts above it, and therefore are the 
last to be afiected by any deficiency in the supply. In the 
higher chalk districts, however, when the head of water is 
small, the fissures are soon exhausted. Mr. Bland mentions 
a well near the centre of the high chalk region between 
Sittingbourne and Maidstone which was drained dry by 
emptying another well nearly a mile distant : this latter was 
374 feet deep and usually had 52 feet of water in it, and the 
other was 303 feet deep with 87 feet of water; — the 
water level stood in the exhausting well only 27 feet below 
that of the well drained. Now chalk, when fully saturated 
(as the mass of it below the water level must no doubt be) 
containing about one third of its volume of water, if it could 
yield even a small proportion of this large content, a supply 
of several hundred thousand gallons might have been obtained 
within a radius of 200 to 300 feet around the shaft ; whereas 
the water contained in the substance of the chalk escaped 
so excessively slowly, that it had no sensible influence on the 
supply, and the removal of water at the one point drained off^ 
rapidly the free water held in the communicating fissures, to 
a distance of one or more miles around. This effect will be less 
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felt at greater depths, where the hydrostatic pressure forces 
the water through the fissures with greater rapidity, but 
nevertheless the same rule holds good. 

The variation in the facility with which water travels, and 
in its amount under similar physical conditions, into the Ohalk 
and the Lower Greensand (but at a less surface height in 
the Tertiary district), are very apparent in the extent of 
fluctuation of the water-level in these formations at different 
seasons of the year. 

The more equable and sustained power on the part of the 
arenaceous strata is shown generally in the following table, 
which is calculated from the observations recorded by Mr. 
Bland, in the district before mentioned (note p. 62) : — 

Average height of water. DiiTerencoti of 
^ . - ■ » level in »uinmor 



Number of June. December. and winter. 

welU obMrved. Ft. In. Ft. In. Ft. In. 

Lower Tertiary strata .... 5 7 5 6 10 7 

Chalk 16 80 1 23 8 6 3 

Lower Orcensand 5 3 10 3 7 3 

61. With reference now more particularly to the condition 
of the Chalk underlying tlis Tertiary strata. It is evident, 
in the many movements of elevation and depression which the 
crust of this part of the earth must have undergone, and in the 
numerous earthquakes which have taken place since the land 
has assumed its present form, that those strata which form 
the immediate surface must have been far more shattered and 
fissured than those which are covered by a great weight of 
superincumbent deposits : the one portion would be exten- 
sively fissured and crevised, whibt the other would remain 
comparatively unbroken and entire. Therefore, we cannot 
expect to find in the deep-seated mass of chalk beneath the 
Tertiary strata, the same facilities for the transmission of 
water as those which evidently exist in it where it constitutes 
the surface of the country. In descending below the surface 
of the ground the crevised condition of the chalk diminishes — 
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the vertical fissures become rarer, until in the deep-seated 
beds beneath the Tertiary series the passage of water 
takes place almost entirely along the planes of stratification, 
which are generally marked by layers of flint.* 

The depth to which it is necessary to proceed when, owing 
to a deficiency in the supply of water in the Tertiary sands, 
the wells have been continued downwards into the underly- 
ing chalk, is quite uncertain, sometimes a few feet sufiice, at 
other times 100 to 200 feet have to be traversed before meet- 
ing with a sufficient supply, nor does it always increase 
with the depth — sometimes quite the contrary. Lateral 
headings or adits are occasionally expedient to drain the 
fissures over a larger area.f 

The same uncertain conditions prevail in the chalk in 
France. No springs of any consequence were met with in 
passing through the 1400 feet of that formation at Paris, nor 
in the 760 feet at Calais (see Appendix A). At Suresne, 
near Paris, M. Mulot bored 408 feet into the chalk (first 
passing through ISl feet of Tertiaries), but without success. 

* At an instance of this, the well sunk by Mr. Braithwaite, at Reid's Brewery, is 
illustrative. The first 135 feet passed through Tertiary strata, when the chalk was 
reached. The diameter of the shaft was here 5 feet 3 inches, by 3 feet 2 inches. 
From this point downwards the well was gradually enlarged for a depth of 43 
feet to 1 6§ feet in diameter. Water was found under the second, sixth, eighth, and 
tenth layers of flints. The supply from the eighth layer was the largest, being 
10,800 gallons daily. Continuing the work 22 feet deeper, by a seven feet shaft, 
water was found in two horizontal fissures of the chalk without flints. Three adits 
were then driven horizontally from the shaft, one 91 feet in length at the depth of 
196 feet, and two more at the bottom of the well. By these means 121,600 gallons 
of water daily, were obtained. This well is, at a later period, stated to yield 277,200 
gallons per twenty-four hours, or 1 92 gallons per minute, and to be 22 feet deeper. 
(Minutes of Proc. Inst. Civ. Eng. 1842). 

In sinking the well at the Hampstead Road reservoir, the principal supply 
of water is stated by Mr. R. Mylne to come from underneath the layers of flints 
(Trans. Civ. Eng. vol. III. Part 8). Mr. J. Simpson also notices the supply 
as being met with in the layers of flints, in fissures, and occasionally in soft veins in 
the chalk. 

t The following are the depths, at various places, to which the chalk had to be 
penetrated beneath the Tertiary strata before obtaining a sufficient supply of water. 
Where not mentioned to the contrary, tl^ey are on Dr. Mitchell^ authority. — 
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The well was afterwards carried to a depth of 675 feet, 
and yet no water found. M. Grarnier mentions (p. 62 of his 
work before quoted), that at Bethune an Artesian well was 
sunk through 60 to 70 feet of Tertiaries, and 30 feet of chalk, 
when an abundant supply of water was obtained ; whilst on 
the adjoining premises 70 feet of Tertiaries and 105 feet of 
chalk were traversed without meeting with water. 

The mass being comparatively homogeneous, the delivery 
of water should take place, if it were freely permeable, as soon 
as the bore has passed through the Tertiaries, or, at all events, 
water should be found at the same depths within a limited 
area. This is almost invariably the case in water-bearing 
sands, from which, as soon as the overlying permeable deposit 



Name of Place. 

Beanmont Qreen, Herts* 

Loughton, £886x1* . 

Harwich^' 

Epsom.^ 

Thatcham, Berk8 « 

Norwood, Middlesex^ 

West India Export Dock ? 

Zoological Gardens, Regent^s Park^ 

Reid*8 Brewery 

Barclay & Perkins* Brewery 
*Combe & Delafield*s Brewery 
*Meiix and Co.*s Brewery 
^North-western Railway Station 
f Nicholson's Distillery 
tOreenwich Hospital 
tAbbott's, Bow 

* A good spring of water found. 

^ Water was met with in the sands over the chalk, and rose to within 90 feet 
from the sur&ce ; no increase was obtained after boring through 211 feet of chalk, 
c Work abandoned. 

<> A good supply of water after passing through a layer of flints. 
« Water rose to surface, 200 gallons per minute. ' Unsuccessful at this depth, 
g No particulars given. ** Supplied (1836) 92,859 gallons daily. 



Orayel and 
Tertiaiy 
strata. 


Depth 
in the chalk. 


Total Depth. 


FSBT. 


FUT. 


FBBT. 


126 


57 


183 


324 


211 


535 


64 


293 


357 


80 


80 


160 


100 


3 


103 


325 


89 


414 


120 


240 


360 


220 


7 


227 


135 


123 


258 


235 


132 


367 


222 


300 


522 


170 


265 


435 


230 


170 


400 


140 


20 


160 


124 


126 


249 


150 


272 


422 



• These are taken from Mr. R. Mylne's sections of the London strata, 
t Mr. Biaithwaite*s sections in Min. Inst. Civ. Eng. 1850. 

p 2 
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is penetrated, the water at once rises, as for instance at Cam- 
bridge where all the Artesian wells terminate immediately at 
the base of the gault, — at the upper surface of the under- 
lying sands. 

62. The lower beds of the chalk are generally so argilla- 
ceous, that the rock often puts on the character of an indurated 
clay, which on exposure to air and water softens into a tena- 
ceous mud. When first exposed, its colour is bluish grey ; 
but it becomes white or nearly so as it dries.* 

On the whole, the change of mineral condition, together with 
the absence of layers of flints, render this lower portion of the 
chalk very retentive of water. In the district north of Lon- 
don especially, the lower beds attain a great thickness. They 
everywhere form a generally impermeable mass of strata, 
between the upper and middle chalk above, and the Upper 
Greensand below.-|- 

63. With regard to the quantity of water supplied by the 
chalk beneath London, the wells are so numerous and their 
yield so varied, that it is difiicult to form an estimate. The 
supply at different wells varies from 10 to 200 gallons per 
minute. In a few it is rather higher than this, and in one or 
two rare cases 300 gallons are supplied by constant pumping 

* This part of the series, however, occasionally contains some subordinate partially 
sandy beds, which are then permeable, as may be obseryed in the neighbourhood 
of Dunstable and Tring. The following section is given by Mr. W. Gravatt of a 
well on the line of the Grand Junction Canal near Tring. 

FEET. 

\ All these beds belong probably to the 
lower chalk. When wet and first excavated, 
N they are hard and of a dark bluish grey colour, 
but disintegrate, and become nearly white by 
exposure to the atmosphere. 
101 
At the depth of 54 feet the water rose to the top and ran over 1,300 cubic feet in 
24 hours. At the depth of 101 feet no more water was obtained than at 54 feet 
(Trans. Civ. Eng. 1836, Vol. I. p. 136). 

f Along the line of outcrop in Bedfordshire it is very difficult to mark where the 
chalk marl ends, and the upper greensand conunences, or where the latter is divided 
from the gault They appear to pass one into the other. 
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during six days in the week. A considerable number of wells 
furnish, however, from 70 to 80 gallons per minute.* In 
1 838 the total supply appears, from some statistical returns, to 
have amounted to about 6,000,000 per day. The quantity 
is now estimated at from 10,000,000 to 12,000,000 gallons 
daily,f which must be, I think, considered as a rather extreme 
quantity. Much of this water, I also believe, for reasons 
elsewhere assigned, to be derived from the overlying Tertiary 
sands. 

In Conybeare and Phillip's " Geology of England" the par- 
ticulars of a well in the east of London, show that in 1821 
or 1822 the water from the chalk rose exactly to the level of 
Trinity high-water mark. The same fact seems to have been 
noticed also in 1822, in ten other deep wells. Since that 
period there has been a gradual but variable decrease, on 
an average in the old wells, of about 2 feet per annum, 
in the level to which the water rises ; it now stands at from 
about 45 to 65 feet below high-water mark.ij: 

But not only is there a gradual annual fall in the water- 
level, but a temporary one is almost always produced by con- 
tinued pumping ; nor are the effects confined to the well 
where the draught is taking place, it extends for some dis- 
tance around, and is, as has long been observed, apparent in 
all the adjacent wells. This sufficiently shows the limited 
capacity of the subterranean reservoir, and the small aggre- 
gate dimensions of the fissures, for considering the large 

* I have here to express my obligations to Mr. R. Mylne for valuable information 
on many of these points. 

t See a Paper by the Rev. Mr. Clutterbuck, **Onthe periodical alternations and 
progressive permanent depression of the Chalk water-level under London^^Mn the 9th 
vol of the Proc. Inst. Civ. Eng. for 1850, which, with the discussion that follows, con- 
tains much important information on this subject. According to Mr. Clutterbuck the 
depression caused by the abstraction of water at London extends as far north as Hen- 
don or Edge ware, at the former place the water-level being now 6 feet lower than 
formerly ; also that a sudden rise of the Colne affects the London wells. 

t Proc. Inst. Civ. Eng. Vol. IX. p. 161, 1850, and letter to Daili/ News, March 
14tb, J850. 
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mass of chalk saturated with ^^^ of its bulk of water, if it 
could deliver fireely the water which it so rapidly absorbs, no 
draught that could ordinarily occur would, for a long period, 
produce a perceptible effect. In the Artesian well at the 
Mint, a day^s pumping reduces the level of the water 20 feet, 
after which it remains stationary, delivering 240 gallons per 
minute.**^ 

64. I do not think that any estimate of the quantity of 
water likely to circulate in the mass of the chalk, can be 
founded only on calculations of the extent of surface and the 
fall of rain. In the first place, a portion of the chalk being 
covered by retentive clay, much of the rain falling on it is lost 
by evaporation ; and, in the second place, the surface, when 
bare, is so full of crevices, by which a very great extent of 
small sur&ices of the rock are exposed, that a large quantity 
of the rain-water must be imbibed by the upper portion 
of the chalk itself, and which will be retained by capillary 
attraction near the surface, and remain subject to the influence 
of evaporation and vegetation. When the fall of rain is 
heavy, the surplus water will pass deeper into the mass of 
this formation, not by permeation properly speaking, but through 
fissures ; and as there is no natural issue for the water below 
the Tertiary series, all the fissures below their margin tend 
to fill up, and consequently their boundary line forms a per- 
manent water-level. It is therefore more especially in the 
zone of chalk, which immediately skirts the Tertiary district, 
that springs abound.f Where, in addition, the chalk is much 

* Brando, Quart. Journ. Chem. Soc. Vol. II. p. 345, 1B50. 

t Amongst the many fine springs of the chalk district may be mentioned — that at 
Sittingboume, which gave sufficient water to supply moying power to a paper-milL In 
1 835 this spring, however, partially fitiled ; but recourse was had to boring, and a plenti- 
ful supply of water obtained : — at the Bourne mill near Famham ; at Leatherhead, 
close to the Guildford road; at Croydon near the church; atjCarshalton ; at Orpington ; 
the Holywell at Kcmpering, on the south side of the North Downs ; at Birchington in 
the Isle of Thanet ; Lydden Spout near Folkstone ; the Holywell at the foot o^ 
Beachy Head cliff (Mitchell, Proc. Geol. Soc. Vol. III. p. 184) ; Bedhampton, near 
Portsmouth. These are but a few of a much larger number. 
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fissured, and receives a great extent of drainage, those portions 
of it forming the surface of some valleys, are gorged with 
water. The valley of the Colne at Watford is a remarkable 
instance of this. Many of the valleys near Gravesend exhibit 
to some extent the same phenomenon.'*' 

It is owing to no deficiency in the supply of water at 
the surface of the chalk, but rather to the highly absorbent 
power of the rock, and to the restricted size^f- and extent of 
the channels (in proportion to the mass of the deposit) through 
which the water can pass, that in the chalk beneath the Ter- 
tiary strata the supply does not meet even the present de- 
mand ;j: and that the larger portion of the drainage of the 
extensive chalk tracts, is thrown off by springs in their low 

valley levels : for it will be observed^ that although in a chalk 
country there is no drainage on the surface to form any 
streams, yet a number of small rivers have their rise in some 
of the valleys intersecting these tracts. 

65. Conditions of Springs in the Chalk. — The annexed dia- 
gram (fig. 17) may serve to explain some of the above- 
mentioned points. 

* Instanced by Mr. Barlow in his Report to the Directors of the South Eastern 
Railway. 

t Very different opinions have been expressed with regard to the size of the fissures 
in the chalk. I believe that large fissures very rarely exist in the deep-seated beds of 
chalk, or where it is covered by the Tertiary strata. In the first place the mass has 
not been sufficiently disrupted ; and in the second place, the flow of water through it 
has been excessively slow. But in the hills of a chalk district, on which the shattering 
effects of disturbances have had freer play, and through which the passage of water 
has been far more rapid and constant, there I can readily conceive the existence of 
large open fissures, although even then they appear to be by no means common* 
Where they occur they do not materially facilitate the passage of water, for to trans- 
mit larger quantities it would be necessary that these fissures should be of the same 
size throughout, which they never are. 

The ahnost only clear instance I have met with of a really large cavity in the 
chalk, occurred in sinking a well near the edge of the escarpment at Knockholt^ in 
Kent, where at a depth of 270 feet the workmen came to a cave, 30 feet long, 12 
broad, and 18 feet high, but of irregular shape, at the bottom of which ran a stream 
of water. 

X It is possible that lower in the Chalk beneath London a larger supply of water 
might be found than is obtained at the present depths. This probably would occur 
on reaching the Chalk marl. 
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Fig. 17. 

General view of the Chalk between the Tertiary and Gault districts 

on the north of London. 

SOUTH. R NORTH, 
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a. London Clay. 

6. Lower Tertiary strata. 

c. Chalk. 

V L. Low yalley-level. 



d. Upper Greensand. 

e. Gault. 

8 n" t". Springs at the surface. 
«• Underground springs. 



The vertical lines descending from these hills, indicate 
the position generally of the fissures conducting water from 
the surface ; and the other lines, In which they terminate, 
those in the planes of stratification, along which the water 
afterwards passes, v l is the lowest valley-level of the district, 
below which the fissures («, «, «), and all intermediate ones, 
tend to keep constantly full ; and further, between f! and 
J'' the waters rise in these fissures above the level v, l, 
to a height varying according to certain conditions before 
alluded to (f 58). In Hertfordshire the Eev. Mr. Olut- 
terbuck has shown that, commencing at / and proceeding 
towards b, this rise in the water-level amounts to 18 feet per 
mile.^ Most of these fissures communicate one with another, 
and the water overflowing from them will find its way out at 
the point of lowest level or vent «', and also in any valleys 
between «' and J^\ of sufficient depth to touch the line of 
water-level just described. The line /", a?, % marks the top of 
the chalk marl ; this is always an important water-level, 
and it is doubtful whether the water penetrates any deeper. 

The chalk is usually represented as dipping from its escarp- 
ment E, without variation, to its outcrop from beneath the 

* This is not clearly shown in the diagram. The water-level may in fact be sup- 
posed to form a curve between i fl'\ attaining its culminating point at x, A greater 
elevation should also have been given to the whole mass of the chalk at » and s, 
and the valley at li" be on a higher level. 
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Tertiaries at s', whereas it is probable that some form of 
variable curve, approaching to that shown above, is the more 
usual one. This will explain the cause of the many beautiful 
springs on the slopes and at the base of the chalk escarpment, 
for if the strata rise higher at so than they do at 8"\ the water 
passing through the chalk between these two points will tend 
to flow towards and escape as a perennial spring at ,'". 

But if the strata rise higher at « " than at a?, then the de- 
pression between these two points will gradually fill, until the 
water ascends above a?, when it will escape over that curve 
and descend the slope towards 8 ; and if that portion of the 
water-channel which passes over the curve at a?, has no com- 
munication with the surface, directly or indirectly, it will act 
as a syphon on the water accumulated between co and 8"\ 
which will then continue to flow so long as any remains in 
the shorter limb of the natural syphon ; when this is accom- 
plished the discharge of water will cease, and not recommence 
until after an interval suflSciently long to allow of the refilling 
of the reservoir between x and s" , In the above figure 
the water thus transferred would be diffused through the 
fissures between as and s'; but if x were higher, or the 
valley at / deeper so as to intersect the line x «, then the 
discharge from this line of fissure would pass out at the 
surface of that valley, and form an intermittent spring, a phe- 
nomenon not uncommon in chalk districts^ as the Bourne, 
near Croydon, the Lavant in Sussex, and others. Alterations 
in the curve and dip of the chalk will produce corresponding 
changes in the water level of the district, and in the flow of 
its springs. 

In this diagram, as well as in that of fig. 18 (p. 94), referring 
to the greensand, the question is considered apart from any 
exceptional effects produced by faults and breaks in the 
strata. These disturbances frequently stop the underground 
flow of bodies of water, and throw them out at the surface 
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wherever the ground is lower than the outcrop of the stratum 
in which the water was flowing.* (See Appendix B.) 

Unlike, therefore, arenaceous strata, — through which water 
permeates with facility in all directions, and where it tends to 
take the form of large sheets co-extensive with the strata 
themselves, — the percolation of water in the chalk occurs 
partly in the seams of bedding, and partly through fissures 
irregularly distributed, the direction and dimensions of which 
can be determined only by experience. 



Since this section was written, Prof. Ansted has communicated to the Insti- 
tution of Civil Engineers a Paper in which he gives an account of a series of ex- 
periments which ho had performed in conjunction with Prof. Miller. They show 
that the absorbent power of dry chalk is such that a cubic foot of it imbibes about 
2 gallons of water, or nearly one third of its bulk. 

It is to be observed, however, that this is a character by no means peculiar to the 
chalk, since all earthy and sandy rocks can hold more or less water ; but it does 
not follow that they are permeable in the ordinary sense of the word. Water passes 
through these formations, in the same way as through the chalk, viz., by fissures, 
and along the planes of stratification. We have some important information on the 
absorbent power of rocks in the experiments of Profs. Daniell and Wheatstone, given 
in tables connected with the *' Report of Commissioners respecting the stone to be 
used in building the New Houses of Parliament,^* 1839. These tables show that out 
of thirty-six building stones, the bulk of water absorbed varies from sa ^ i» which is 
nearly equal to from 1} pint to rather more than 1^ gallon per cubic foot. 

Prof. Ansted, in his recently published *' Elementary Treatise on Geology,** enters 
into further detail on this question, and treats also of many other important points 
connected with the general subject of this inquiry. 

As bearing also on this subject I would refer to the valuable Report of Mr. R. 
Stephenson, '* On the Supply of Water to Liverpool, 1850,** in which the conditions 
of the New Red Sandstone as a source of supply by means of Artesian wells, is dis- 
cussed at length. 



* The large springs of Chadwell, near Ware, and others between Hertford and 
Hatfield, appear to me to be probably owing to the operation of an east and west 
fault, dislocating the strata, and stopping part of the water in its subterranean course 
from the hills north of Ware and Hertford. In the Chalk a very small fiiult would 
suffice for this object. 
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§ 6. The Upper Greensand. 

GG. Thus far we have had to treat of Formations, the 
water-hearing conditions of which are in great part practically 
known. No attempt has, however, heen made in the neigh- 
bourhood of London to traverse the chalk, and to prove 
experimentally what sources of water-supply may exist 
beneath that deposit. Into this point I purpose now to 
inquire.* 

The Chalk is immediately underlaid by a formation of very 
irregular development, and essentially arenaceous. In con- 
sidering its capabOities as a water-hearing deposit, it will 
be convenient to proceed in the same way as we have 
done with the beds between the Chalk and the Loudon Clay, 
adopting the like arrangement into four divisions. We shall 
thus be enabled more readily to institute a comparison 
between the probable productive power of these formations 
within the area centring at London. 

67. From its small development aud the almost total ab- 
sence of sections, in the easterly parts of its range, the Upper 
Grreensand formation has not attracted much attention as a 
water-bearing deposit. Nevertheless, when viewed over a 
larger and more westerly area, it presents a field deserving 
of investigation ; for aUhuugh so thin and insigniiicaut, to 
the eastward of the meridian of Loudon, it attains, as it ranges 
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• In tha Greenland Formations 1 haTo tnkenBi [lie basis of ray plans and te 
the TBluablfl Paper of Dr. Fillon, " On some of the strata between tho Chalk ai 
Oxford Oolite in the Soath-east of England" (Trana. Geol. Sue. 3nd Series 
IV. p. 103), and the last edition of Mr. OrBenDugTi'a Geological Map of Enj 
The prinvi|ial change I have ventured to make has bees in the breadth of th 
crop of tliiB Upper Qreensond, which 1 have in some places maleriall; reduced. 1 
also ijicreased the AUperliclal area of the Chalk Marl, and contracted that of the { 
To the IiOwBt Graenaand 1 have in a few inBtnnccs given a wider range. 
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westward, a not uuimportant expansion, and exhibits also 
considerable uniformity of character. 

In Wiltshire, Berkshire, Oxfordshire, and Surrey, it may be 
divided generally into two members, — an upper one consisting 
of loose or semi-indurated green sands, more or less argilla- 
ceous, — a lower one of soft green-sandstones, and of fine 
grained compact thin bedded and fissile calcareous sand- 
stones, often very marly, of a very light green or wliitish 
colour (at a short distance frequently even much resembling 
chalk in appearance), and overlying another but thinner bed 
of greenish sand, which passes into the gault. Its thickness 
varies from 40 to 50 feet in Surrey, to 140 feet, at least, in 
Wiltshire. 

68. NorthrEastem Division. — In this division of the map 
the Upper Greensand outcrops in a low tract of country ranging 
from the north-east comer of Norfolk southward through 
Cambridgeshire. But in a large part of its course it is so 
covered by beds of drift, that it would be extremely difficult 
to ascertain correctly its area. Dr. Fitton estimates its thick- 
ness to vary from 2 to 11 feet. 

In the neighbourhood of Cambridge the Upper Greensand 
is said to be separated from the chalk marl above, and from 
the gault below, merely by the presence of a small quantity 
of dispersed grains of greensand in the thin junction beds 
between these formations. 

The height of its outcropping edges, with reference to 
Trinity high- water at London, varies from a very few feet 
below to not many feet above that level ; and its superficial 
dimensions bear but a very small proportion to the tract of 
country under which the deposit sinks, as it no doubt ranges 
co-extensively with the chalk (beneath which it dips at a 
slight angle), through the greater part of Norfolk and the 
whole of Suffolk and Essex. At two places within this area 
the chalk has been traversed and the Upper Greensand found 
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under it. In one case,* at Diss, the chalk proved to bo 
510 feet thick, and under it were 5 feet of sand, in which 
water was met with and rose to within 7 feet of the sur- 
face. The quantity is not stated. Secondly, at Mildenhall 
250 feet of chalk and chalk marl were passed through, "j" 
then 11 feet of sand (upper greensand ?), — in which water 
was found, — and 9 feet of clay (upper part of the gault ?). 
In the deep well at Saffron Walden the upper greensand was 
not reached although 1001 feet of chalk were traversed. 

From the position of the Upper Greensand in this division, 
from its being so much covered by drift, and its small de- 
velopment, it is probable that its water-value throughout this 
tract, is large. 

A line of elevation crosses apparently from the borders of 
Bedfordshire to the coast of Suffolk, which, although rising 
gently and to no great height, may interpose a barrier to 
the subterranean flow of water, from the country to the north 
of it, to the London district. 

69. South-Eastern Division. — The outcrop of the upper 
greensand in this division commences at Folkstone, and 
ranges along the foot of the North Downs to Godstone. At 
the former place it consists, according to Mr. Simms,} of a 
green sandstone, 15 feet thick, overlaid by 17 feet of beds 
passing into the chalk marl above; and at the latter place 
I found it to be from 40 to 50 feet.§ It dips beneath the 
chalk at an angle of from 5° to 20°. 

♦ Transactions Geological Society, 2nd Ser. Vol. V. p. 137. Over the chalk were 
100 feet of drift clay and sand. 

t Ibid. 2nd Ser. Vol. IV. p. 81 1. In this case the chalk was not covered by any 
beds of drift. 

:|: Proc. Geol. Soc. Vol. IV. p. 207. 

§ It is not easy to assign an exact thickness to the upper greensand, as in the im- 
perfect sections generally exposed it is difficult to determine where the chalk marl 
ends and the upper greensand begins. They appear, in fact, to pass one into the 
other. 
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Its dimensions within this district are : — 

Length of outcrop . . . 67 miles. 

Superficial area .... 7 square miles, 

lidean average thickness . . 25 feet. 

The outcrop varies in height from about 200 feet above 
the sea at Copt-point on the coast, to about 450 feet at 
Godstone ; but it is too narrow to receive directly any large 
share of rain-fall. Its position approaches to that shown at 
b in Fig. 11, being for the greater part on the slope of high 
and abrupt chalk hills, with this exception, that, being more 
compact and solid, it occasionally projects as a ledge of low 
hills at the base of the chalk escarpment. This feature, how- 
ever, only begins to show itself, and that not very distinctly, 
in western Kent (see fig. 18, p. 94). It is a form of structure 
which enables those strata to receive, together with the water 
falling immediately upon them, a portion of that running off 
from the slopes of the chalk above ; for, as these steep chalk 
hills present a large surface facing the south and south- 
west, a considerable quantity of water must be thrown off 
from them during the prevailing rains from those quarters 
of the compass. 

The absence of drift on almost all this line of outcrop would 
favour the absorption of water on the surface ; but from the 
small development of the upper greensand, and its argillaceous 
character, throughout this district,* — and the existence of 
several transverse lines of fault breaking the continuity of 
the strata,"!* — the difficulties presented to the subterranean 

* In central Kent this deposit hardly seems to be a water-bearing stratum. Accord- 
ing to Dr. Mitchell it is, at all events, apparently not recognised as such by the 
well-diggers, who state that they pass, in the wells at the base of the North Downs, 
through 50 to 150 feet of chalk and lower chalk, reposing upon blue clay (gault ?) 
120 feet thick, and that upon sand (lower greensand P) in which water is found. 

t Dr. Fitton supposes the yalley of the Medway to mark a line of fiiult, and Mr. 
Martin, in his Geological Memoir on part of western Sussex, ascribes to the same 
cause the origin of the lesser transverse valleys of the Cray and other small rivers. 
Mr. Hopkins draws the same inferences on theoretical grounds. 
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&OW and accumnlation of water la tliis division of the upper 
greensand must be considerable. 

As this formation ranges into Surrey, however, ita condi- 
tions of structure become more favourable, 

?0. South- Western Division. — In this division the Upper 
Greensand continues to range westward along the base of the 
North Downs from Godatone by Merstham to Farnham ; 
from which point it trends to the south, owing to an extension 
of the chalk in that direction. It reappears for short distances 
in the small valleys of Kingsclere and of Shalbourne, and again 
emerges from below the chalk in the vale of Pewsey (see the 
Map). Thence it ranges by Denizes, and then turns north- 
ward, passing eastward of Calne in the direction of Swindon. 
Its thickness between Godstone and Reigate may be 50 to 
60 feet, at Dorking it is apparently about 40 feet thick, 
near Guildford 50 feet, whilst at Farnham it measures from 
84 to 90 feet. In the vale of Pewsey and at Devizes, it at- 
tains a thickness of not less than 140 feet. Turning eastward 
towards Swindon, its thickness begins to diminish. 

The outcrop of the Upper Greensand at Merstham is 360 
feet above Trinity high- water mark, falling gradually to 110 
ieet at Dorking, beyond which it ascends, but falls again to 1 00 
feet at Guildford ; it again rises at Farnham to 220 feet, at 
Burbage in the vale of Pewsey to 440 feet, and at Devizes to 
400 feet, and thence declines slightly towards Swindon, Its 
dip varies considerably, being about 5° to 18° northward be- 
tween Godstone and Dorking, 40° to 60° nearer to Guildford, 
and very alight around Devizes. 

Ita dimensions in tbia division are : — 

Length of QUlcrop , . , 86 miles. 

Superficial areii . . , ,80 flquare miles. 

Mean average tllick^c^ia ■ . 7C feet. 

From Godstone to Farnham the position of the upper 
greensand as a water-bearing stratum is far more favourable 
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than in the preceding south-eastern division. It not only 
crops out lower down the slope of the chalk hills, but more 
constantly projects as a small platform or ridge at their base. 
(See fig. 18, p. 94). It is in a tract extending for two to 
three miles on either side of Merstham that the upper green- 
sand attains its greatest development along this line, forming 
a range of low hills at the foot of the Chalk Downs.* Beyond 
Betch worth it is not so well exhibited, but may be traced with- 
out difficulty by Dorking to Albury. Thence by Guildford to 
Farnham it is less conspicuous. At Famham it again spreads 
out, occupying a wider and higher belt, and increasing in 
breadth as it ranges southward towards Alton and Sel- 
bourne.-f" In this latter district it is, however, much more 
argillaceous than at Merstham, and is known as the ^^ Malm 
rock.'' 

In Surrey generally soft light-coloured calcareous green- 
sandstones,j: and hard compact calcareous beds, interstrati- 
fied with sandy marls, predominate. Below them is a bed 
of greensand, on reaching which water is usually found in 
abundance in all the wells sunk at the base of this part 
of the Chalk Downs. The upper beds are very argillaceous, 
and pass into the chalk marl. 

In the vale of Pewsey and at Devizes the upper beds pre- 
sent thick masses of permeable loose and semi-indurated 
sands, more or less argillaceous, and very soft calcareous sand- 
stones together probably 1 00 feet thick, underlaid by about 
40 to 50 feet of fissile thin bedded calcareous sandstones, 
with a proportion of marls. 



* Between Godstone and Merstham this is a very well marked and interesting 
feature. For three miles eastward of Merstham especially it has all the regularity of 
an artificial terrace, and forms a delightful walk. At Qatton, also, the Upper Greensand 
is well exhibited. 

t See White's Natural History of Selboume for a short account of the Upper 
Greensand and its waters, in this district. 

t Often worked as a firestone. 
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The proportion of the rain-fall draining off from the lower 
marly beds of the chalk to this tract of "the Upper Green- 
sand miiet be large. 

The Upper Greenaand in tbia division is completely de- 
nuded, except where- intersected by the transverse valleys of 
the Mole and the Wey, when it is covered by a drift of 
gravel. 

These conditions of altitude of outcrop, increased thick- 
ness, greater permeability, and clean denndation, render it 
probable that a very considerable quantity of water passes into 
the Upper Greenaand in this division, which may, if no 
important faults intervene, he transmitted from these gather- 
ing surfaces to the portion of this deposit which lies be- 
neath London.* 

71. North-Western Diwion. — In the western part of this 
division, likewise, all the conditions are most favourable for 
the accumulation of large quantities of water in the Upper 
Greensand. The area occupied by its outcrop is considerable, 
and it is generally free from accumulations of drift, the strata 
are for the most part arenaceous, and of considerable thickness. 
It ranges from the westward of Swindon nearly to Princes 
Eishorough, and thence to within a few miles of Cambridge, 
forming a zone of very variable breadth at the base of the 
chalk hills. 

Length of outcrop .... 1112 loili^i. 

Superficial area ... 33 square miles. 

Mean aTcrage thickness ... 75 feet. 

The elevation of this line of outcrop above the level of 
the Thames at London, varies— from about 400 feet near 
Swindon, 140 feet at Wallingford, 320 feet on north of Tring, 
to 135 feet on the north of Hitchin. The mineral character 



* As nil the main dietuihancea aeem to run eait and v 
MUtll, thore is liia piolability that the continuity of the itra 
ft (iirom Wiliahice to London) ii interrupted. 
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difFera at first but little from that described in the previous 
section. But in proceeding eastward the lower fissile beds 
become much more argil) acoo us, and on the lulls between Teta- 
worth and Ooxham, where this deposit is 70 to 80 feet thick, 
it assumes more the characters of the Malm Rock of western 
Surrey. At the same time the upper sandy division gradually 
decreases in thickness but exhibits a persistent bed of a 
pure dark green sand. Further eastward the whole mass 
becomes much thinner, and assumes a more argillaceous con- 
dition, until in Hertfordshire it can in some places hardly be 
distinguished from the chalk marl or the gault.* In Wiltshire 
it usually forms a high but narrow platform, or a narrow 
ridge of hills advancing beyond the cbalk escarpment ; but 
sometimes its slope is continuous with, and not to be distin- 
guished from, that of the chalk. It attains its greatest 
breadth in Berkshire and Oxfordshire, between the hill of the 
White Horse and thence by Wantage and Wallingford, 
to near Tets worth, forming a range of low hills, with 
a nearly bare surface throughout. In Buckinghamshire and 
Bedfordshire it contracts again into a narrow zone, but may 
be distinguished at intervals, as at Henton near Princes 
Bisborough, and at the foot of the Sundon downs near 
Toddington, aa a low and unimportant ridge at the base of 
the high chalk hills. In Hertfordshire and Cambridgeshire 
it eeems to merge into t!ie broad valley of the gault ; but no 
sections are to be seen. 

* Its moBl marked fealDre in this district is the upper Btratimi of dark, Blnioit black, 
green sand. It ia Daly by assuming this to be the bed mentianed as black grit, in the 
following section of the SL-ODiid well near Tring by Mr, \V. Gravatt, that 1 can 
plnca in geological order the succession of itrala be describes. (Trans. Civ. Eng. 
lH36j Vol. I. p. ISl). 



1. Chdlk 

2. Hard blue clay 



iBUnd, and 6 the gault. 



4. Bloe clay 

5, Black grit 
I 6. Blue clay 

nay beloug to the chalk marL 
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The dip of the strata along this line of outcrop is regular 
and at a moderate and small angle. I am not aware of any 
disturbance that would interfere materially with the subterra- 
nean flow of water from the surface of the Upper Greensand, 
in Berkshire, Oxfordshire, Buckinghamshire, and Bedfordshire, 
to London. 



The Upper Greensand may be best seen at the firestone pits, one mile north of 
Qodstone, — in the quarries at the foot of the Chalk Downs, one mile and a half 
due north of Bletchingly, — the pits at Merstham and Gatton, — the quarries one 
mile north-east of Reigate Church ; and one furlong north-east of the Betchworth 
station, — the cutting on the railway three furlongs north of the Merstham station ; 
and the one immediately east of the Dorking station ; the hills between Famham 
Castle and Ridgeway ; the road from Devizes to Pottem, — the road from East 
Challow to Wantage, — and the hill crossed by Knightsbridge Lane, two miles 
north by east of Watlington. These distances are taken from the Ordnance Map. 
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§ 7. The Gault. 

72. Immediately beneath the Upper Greensand, in every 
part of its course above described, is this deposit of bluish or 
dark greenish grey tenacious clay. Throughout its range it 
maintains an almost constant uniformity of lithological cha- 
racter, and does not vary materially in its thickness. It is 
126 feet thick at Folkstone, 120 to 140 feet at Merstham, 
thinner apparently nearer Guildford,* about 100 feet at De- 
vizes and Swindon, and increases again to about 150 or 160 feet 
as it ranges into Cambridgeshire. This formation is quite 
impermeable, and therefore holds up the water collected in 
the overlying strata of the Upper Greensand. 

It naturally follows that as this mass of clay keeps up the 
water of the beds above, it should also keep down the water 
in any permeable beds that may be placed below it ; and this 
must be the case with regard to the Lower Greensand^ which 
immediately succeeds it in a descending order. 

* At places between Merstham and Guildford it is said to be not more than thirty 
to forty feet thick, but no distinct measurement has hitherto been practicable. 
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The Lower Gresnsand.* 



73. The range of this formation is about equal with that of 
the two preceding groups ; but, uulike the Upper Greensand, 
which exhibits its mjuimuiii thickness eastward in Kent and 
Cambridgeshire, and attains its maximum thickness west- 
ward in Wiltshire, — and differing from the gault, which retains 
a thickness comparatitely nniform over the whole area, — the 
Lower Greensand is very thin in North Wiltshire, and expands 
rapidly as it trends eastward into Surrey and Kent. At 
Devizes and CaJue it does not exceed a thickness of from 20 
to 30 feet ; in Surrey it may average 600 feet,+ while ac- 
cording to actual measurement by Mr. Simma,| it is 406 feet 
thick at Folkatone. 

In Oxfordshire this formation is again thicker than in Wilt- 
shire. In Buckinghamshire Dr. Fitton's sections would indi- 
cate a thickness of probably from 150 to 250 feet. In Bed- 



■ This Dame muat not be taken ns an indication of ilB general aapett or niJDonil 
cUaiactec. It ia merely the geological dusignatioa. In the Upper Grceraand the 
genera] tone uf coluuting and the lithologicd cliariictei are somewhat iu nccordance 
with the name. But with regard to the Zotver Greenmnfi around London, the pre- 
vailing End almoit univerwil coIoutb are yellow and ochreoug, trom the lightest tints 
(0 the darkest ferrugiaous abades. Oreeo uuidi and dark clays are comparative!; lara. 
So hr back as 1821 Dr. Fittos (Annats of Philosophf) noticed the inconvenience af 
this nomenclature, liolh on the ground mentioned above, and on otben purely geolo- 
gical. In IBIS (Joum. Geol. Soc Vol. I. p. 169), he again observed upon" the objec- 
tions to which the name of Lomer GreensomJ is exposed," and suggested that "a 
usw denomination should be taken from the IsU of Wighi-, where the eecUons on 
tlie coast are remarkable for their diBtinclneBs." I could have wished to have 
used another name, and hope that Bome alteration, as BUggesled by Dr. Kitten, may 
yet be made. 

t In hii Geology of Western Sussex, Sir R. Murebison shows that at Pelworlh the 
Iiowec Greensand had been found to be not less than 40D ieet tluck.— (ieol. Trani. 
QndSer, Vol. II. 

X Pcoc Geol. Soc, Vol. IV. p, 207. 
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fordshire I judge it to be about 300 thick ; thence through 
Cambridgeshire it decreases in thickness, and is, in Norfolk, 
according to Mr. Bose, about 80 feet thick.* 

74. The Lower Greensand is composed of a variable series 
of strata. In Kent, Dr. Fitton states that it is separable 
into three natural divisions ; — an upper one of white, yel- 
low, and ferruginous sands, — a middle division of clayey 
and ferruginous green sands, and clays, — and a lower one 
of calcareous stone (Kentish rag) and sands passing down into 
clays. 

This triple division is not so well defined in Surrey, where 
many of the clay beds, as well as the coarse limestones, are 
almost entirely replaced by sands ; and in Wiltshire and Ox- 
fordshire these divisions are not apparent. Indications of 
them are scarcely perceptible in Bedfordshire, the formation 
there consisting chiefly of loose incoherent sands and soft 
ferruginous sand-rocks. 

75. The Lower Greensand in Kent and Surrey forms 
a zone, ranging parallel with the escarpment of the North 
Downs. It rises gradually, in general, southward from the 
valley of the gault, and ends in a somewhat abrupt escarp- 
ment 400 to 600 feet high, overlooking the lower district 
of the Weald (see fig. 18, p. 94). f The general characters 
of this formation are easily noticed in the country between 
Seven Oaks, Eeigate, Dorking, and Gbdalming, all of which 
towns are situated upon it. In this district it consists of thick 
masses of coarse quartzose, light yellow sands, interstratified 
with others of a finer grain, and of brighter colour, ochreous 
and shaded red, and sometimes nearly white. 

Thin and irregular bands of hard very ferruginous sand- 

• Phil. Magazine, 1823, Vol. LXI. p. 81—83. 

t Leith Hill, which is, according to the Ordnance Survey, 993 feet above the level 
of the sea, forma part of this line of outcrop. Box Hill, on the contrary, forms part 
of the escarpment of the chalk. 
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Btone, and seams of clierts, are common in some of the 
sands. Subordinate to the whole are a few beda of green sands 
and days, and at NutBeld a bed of fullers' earth, In some 
places the strata pass into sotl porous sandstones, and in 
others they again become argillaceous ; — a few are calcareous 
(Bargate fitone). As a whole the Lower Greensand in these 
districts is very absorbent and permeable, and often forms 
extensive dry sandy heaths. 

In Bedfordshire and the adjoining parts of Buckingham- 
shire and Cambridgeshire, this deposit forms a tract of a less 
bold character than in Kent and Surrey, hut slill sufficiently 
prominent and distinct i and here also it is more purely arena- 
ceous and uniform than southward of London, — consisting of a 
mass of light yellow and ferruginous sands, with thin seams 
of iron-sandstone. The upper part of it frequently passes, as 
around Bilsoe especially, into a thick bedded rock of soft coarse 
ferruginous sandstone. The sands of Wobnrn and Ampt- 
hill are well known. 

76. The range of its outcrop is parallel with that of the 
Upper Greensand, the contour of which it follows, separated 
merely by the lower tract of the ganlt.* Its breadth is con- 
siderable ; in Kent and Surrey varying generally from two 
to five miles, and in Buckinghamshire and Bedfordshire 
from three to four miles. 

As this deposit is so much thicker and more variable and 
less defined in its structure than the Upper Greensand or the 
Tertiaries, its details are not so well known ; as the de- 
scription must consequently be more general, it may be con- 
venient to consider the different divisions of the Map 
together. 

The snrfaces of the Lower Greensand in these several 
divisions exhibit the following important dimensions : — 



* Except in part of Belkahire and Willahire, where Us ou 
hnlti, and i> allogstfaBC wanting for a diatnnce of many milLi. 
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Square miles. 
Sonth-eastem division, extent of snperficial area . 215 

South-western „ ^ 99 • • 135 

North-westem n n 99 • 260 

North-eastern „ nncertain, about . 40 

650 

77. As with the Upper Greensand, the outcrop of this for- 
mation is usually bare and denuded, a thin layer of earth 
alone protecting the abraded edges of the arenaceous strata. 
In Kent and Surrey its surface is, with very few exceptions, 
without any covering of drift : the case is the same, but to 
a lesser extent, in Wiltshire and Oxfordshire. In Bucking- 
hamshire and Bedfordshire it is often covered by thick beds 
of gravel, which is, however, for the most part sandy and 
permeable ; but in the latter county the gravel is again over- 
laid in many places by the impermeable " boulder clay'*'* drift. 
In Cambridgeshire and Norfolk the covering of drift is more 
general and impermeable. 

The thickness of the lower greensand in the district under 
review has only been determined accurately at Folkstone.* 
At the other places the thickness is merely a rough estimate 
founded upon general observation. 

VBBT. 

Kent .... { f"""*""* • • • • 406 

C Seven Oaks . . . 500 

Surrev± ^ Chilworth, between Dorking and Guildford 680+ 

^ * 'if Famham .... 700 

Wiltshire . . Devizes and Calne . . 20 

Oxfordshire . . Generally . . . . 150 

Buckinghamshire Leighton Buzzard . . 250 

Bedfordshire . { W?^™ .... 350 

i Biggleswade . . . 250 



Average thickness . 867 

• In the Isle of Wight, the fine coast section of the Lower Greensand has been 
carefully examined, both by Dr. Fitton and Captain Ibbetson ; the former by line 
found the thickness of this deposit to be 805 feet, and the latter, by trigonometrical 
survey, 833 feet (Journal Geol. Soc. Vol. I. p. 190, and Vol. III. p. 330.) 

+ This is a tolerably exact general measurement recently made wiUi Mr, Austen. 

t Mr.Middleton, who appears to have been acarefol obsenrer, differs somewhat from 
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78. At Folkstone about 160 feet out of the 406 consist of 
clay, and the remainder of sanda and ragatone ; at this point, 
therefore, we may take |-"" of tlie deposit to conaist of 
permeable strata. But in proceeding westward the clays 
gradually diminish, and are replaced by sanda, ao that in the 
thickness of 680 feet at Chilworth we found a central group 
of mixed days and sands, meaauring only about 130 feet, or 
less than ^''' of the mass. In Wiltshire the deposit consists of 
saude only, and apparently so in Oxfordshire. From Leighton 
Buzzard to Woburn aud Biggleswade, a tract in which the 
Lower Greensand is largely developed, there are very few 
beds of clay iuterst ratified with its sands. Taking, therefore, 
all these districts together, if we exclude rather less than 
a third of the mass as consisting of clays, it will probably 
more than meet the necessities of the case ; and we may 
consider this group as consisting of 117 feet of imper- 
meable clays, and of 250 feet of permeable sands. The 
mineral character of this series is so variable, that it is possi- 
ble that even these middle clays, although so important in 
Xent, may not be spread over the whole underground area, 
and that there may be at some central point a communication 
between the different main masses of sand of the upper and 
lower divisions.* 



me ia bis eatimate of tbe tliickDess of ihia and ibe other depoaita in Surrey. He bb- 
tigai to tlem the fqllowing dimenBions ; — {" Maiming and Bibj'b Ilistorj of 3iir- 
MJ," VoL III.) 

Ctaj and umd (TcrtiiU7 series) about .... 800 

Challc 800 

Blue marl <gault) ...... 3D 

Fuller's enilh and Band (Lower fjreensand) . . 413 

Weald moasureB 467 

■ Thfi Uppec CretaceouB deposits hara been penctintcd, and the Lower Greensand 
reached, at t)ie following places, — 

A well near Wrotham in Kent, at the base of the North Downs, mentioned by 
Dr. MJlehdl, the section of which gave— 

Upper and lower chalk . . . UUfeet. 

Blna cloy (gnule ?) . . . I2e „ (aeo over) 
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79. The lieight of the outcropping surface of the Lower 
Oreensand above the level of London is, on tbe whole, very 
considerable. Commencing in tbe valley of Dart at Eiver- 
liill and Weaterham, we there find the bottom of the valleya 
to be 210 to 260 feet, at Godatone about 450 feet, at Eeigate 
bora 250 to 280 feet, and thence to Farnham on au 
average 200 feet, above Trinity high-water mark, — excepting 
at Dorking and Guildford, where the Mole and the Wey cut 
through this formation and reduce the height of the surface to 
about 100 feet. North of London the surface of the Lower 
Greensand is 270 feet high at Leightou Buzzard, rises to about 
300 to 350 feet in the neighbourhood of Wobum, thence gra- 
dually descends to 120 or 130 fuet at Biggleswade, and to a 
still less height in Cambridgeshire, above the level of the 
Thames at Loudon. These however are but tha lowest points. 
In Kent and Surrey the Lower Greensand hills rise 200 to 
600 feet above these levels, and in Buckinghamshire and Bed- 
fordshire, 200 and 300 feet. 

The surface of the Lower Greensand is so placed that it 
cannot, except in a few rare cases, receive any additional 
aapply of water by drainage from adjacent districts ; hut 
from its permeability, its extent, and elevation above the 

Below this camn Band ; and water rose to witbin 1 30 Teet of tlie sarTace. 

At Snodland on the Medway the water in a well (like that aeai Wrotham) rase aver 
the finrface. 

At Oatton Pork a well wns sunk tlirongli 380 feet of iireBtane and gaulC ; then 20 
to 30 of red Blaj and pehblea. The water rose to within about 290 feet from the but- 
lace (tbe ground here is probably 400 to 460 feet high). 

Dr. Filtou mentionE a well iit tbe Feathers Inn, Meretham, amik 150 feel through 
gault to the underlying Lower Oreensand, whence ii plentiful supply of natei was ob- 
tained. ( TraUB. GeuL See. 2nd Ser. Vol. IV. p. 140.) 

The Rev. J. C. Clutterbuckinfbrmimeofawella.fowniileB north of Biddock whore 
the Lower Oreensand was reitched under a, depth of 170 feet of gault. The water 
rose (1H34) to within 3 feet of tbe surface, aad hai maiatainDd that lecsl ever 

At Cambridge, Arteeinn wells a 
Id ho feet Ihitk ?) ; and immedii 
found, whieli rites to within a few feet uf the surlace of the ground. 
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lerel of the Thamee, it is peculiarly well adapted to re- 
ceive and transmit the rain-water failing within its own 
area. 

80. With regard to the jiassage of water from these beds at 
their outcrop to any point beneath the chalk, there is some 
uncertainty how far it may bo interfered with by faults and 
disturbances ; for in Surrey and part of Kent,* on a line 
parallel with the North Downs, and at a short distance from 
them, some very considerable faults, or rather flexures, run 
through the Lower Greeosand, bringing at sonie places in 
their course, the lower beds of this formation, and occasionally 
the Wealden, to the surface of the ground in the midst of the 
Greensand area. If this could be attributed to one continuous 
line of disturbance ranging in equal force and uninterruptedly, 
it would certainly exclude much of the broad zone of exposed 
surface of the lower greensand from contributing to the supply 
of water in its deeper-seated beds beJow the chalk ; but this 
I do not apprehend to be the case. Lines of disturbances 
are of very variable intensity, and, although interrupting 
occasionally the continuity of the strata, their effects, at some 
intermediate places, may be much less important ; so that 
although the water may be kept back by faults in some parts 
of the greensand area, yet the communication is probably kept 
up in other parts where the disturbance has not been so great. 

The tilting up of the chalk in the singular ridge of the 
HogVback, and the rise of the Wealden one mile to the 
south of Guildford, are no doubt owing to one and the same 
disturbance, which, if prolonged eastward, most probably passes 
to the south both of Dorkingi- and Beigate, and is possibly 

* For a dracription of aonis of theao distnrbancei Bee Di. Filtou'B pnper, bciors 

quoted, pages 132-6, and Dr. Mnntall'i ** Geology of the Soath-soal uf England.'^ 

t Since lliB pngci nboTe wure writUn Mr, A. K. Barclay has shown mu that Che 

:t of the Lower Greensand lo the louth- west of Dorking is diatinctlj leparsti'd into 

two areas by a broad tract of day, whith by its orHanie remninB prons t" bflnng 

to Iho Wealden fomialion. This is particularly apparent in the yallcj inimcdialely 
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Greensanii, whose broailth varies according to the currature 
uf tlie strata, — being narrow when the cnrve takes a rapid 
boud upwards, and wider where it is prolonged, or forms a 
series of rolls. 

Fig. 18. 

NORTH SOUTH 



Ktcarpuieut 
of tUu Chalk. 



Escarpment of the 
Lower greeiLBand. ^ 




o 



_ • • • ^ f^ ~m. 



I, Lower Tertiary strata. 

c. The chnlk. 

d. The Upper GrecnBond. 
€. The gnult. 

/. The Lower Orcensand. 



g. The upper part of tlie Wealden 

Formation. 
V L. Line of lowest vaUej level of the district. 
t, s', «», s". Line of water-leveL 
5, «', «". Springs. 



The edges of this formation are bounded on the north by 
the Gault at «, and on the south by the Wealden at /^ ; they 
are both impermeable strata, and present water-tight surfaces 
to the sand between them, so that any water which might 
find its way below the margins of these deposits could not 
escape again, but would follow the subterranean course of the 
intermediate strata. In the process of time, and by the 
constant operation of the rain-fall, the large underground 
mass of the Lower Greensand has been filled to its edges 
with water, and any further addition causes it to run over. 
It is this overflowing which gives rise to the springs of the 
district. Their magnitude will depend upon the breadth 
and " massif' of the Lower Greensand, and upon the differ- 
ence of level of the Gault and Wealden. 

83. We will now assume that the Lower Greensand con- 
sists throughout of sands of uniform texture. Supposing 
that no rain had fallen for such a time that the waters con- 
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tained iu it were in a state of equilibrium ; ttiey would then 
stand at the level v, l, and all the springs would cease to flow. 
But when the niaas of strata above v l is large this can rarely 
happen, on account of the fall of rain taking place from time 
to time throughout the year, and the texture of tlie strata 
oppoaing a certain resistance to its passage, which impedi- 
ment to its transit is sufficient to diffuse, uniformly over a long 
period, the delivery of the water that it receives irregularly at 
shorter intervals. 

The water first percolates downwards through the sands 
until It reaches the line of water-level, and then flows hori- 
zontally towards, and tends to escape at, the point of lowest 
snrface-level s. (We are now supposing that this is the only 
vent.) The successive rain-falls keep adding to its volume. 
until the resistance presented by the lithological structure of 
the mass is balanced by the weight of the head of water accu- 
mulated above the level e, l ; the flow at s then becomes con- 
stant, and the mean daily delivery will be an average of the 
total quantity of rain infiltered during a month, a year, or 
even a longer period, according to the size of the mass in 
which the water is stored. 

Where, however, there are more than one point of issue, 
if the marginal edges of the two series of impermeable strata 
at 8 and s" are on the same level, the water flows both ways 
in nearly equal force ; hut when, as in fig. 18, the Wealiien 
at «" rise above the Gault at s, the water tends to accumu- 
late in the Lower Greensand /, until it reaches a hne con- 
necting s and s". This line will not be straight, but wOl 
present a curve varying constantly in its form according to 
the distance between s and s", the resistance opposed to the 
passage of the water, and the variation in the rain-fall. This 
would not so much affect the main spring at s as the minor 
ones at s and s", for when the curve s, /, 3;, s" reaches, at ic, a 
level higher than the point s" the water above the line pro- 
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the same which fractures at Tilburstow Hill near Godatone, 
and then ranges at or near tlie outskirt of the Lower Green- 
sand, io thu direction generally of MaidBtone, If this be its 
course, this disturbance, which is the most important one in 
the district, would pass outside, and not affect the area 
of the Lower Greensand between Dorking, Eeigate, God- 
stone, and Wosterham, — the zone of greatest con.sequence for 
the supply of water to this deposit beneath London. There 
are, however, several lesser lines of disturbance traversing 
this district, but they are of minor importance. From Farn- 
ham to Guildford, and Albury, the Greensands are tilted up 
at a high angle of 40° to 60^ ; but to the eastward of the 
latter place the angle is always much less, rarely exceeding 
20°, and more generally falling to 5° or 1 0°. 

81 . Passing to the northern outcrop of the Lower Greensand, 
we there find its continuity distinctly broken for a consider- 
able distance in its range through Berkshire, and cat off 
from contributing in any degree to the supply of water in the 
central districts. This is owing, probably, to a great fault, 
extending, in the valley parallel to the chalk escarpment, 
from the west-south-west of Swindon to near Abingdon: 
the disturbance being of sueh a magnitude as to remove the 
lower greensand, bringing up the Kinimeridge clay to the 
place which it should occupy on the surface- 
In its range from this point to Cambridgeshire, this de- 
posit may be traversed by other lines of disturbance, but 

south of Bury Hill. This lino of disturbance is laid down on th« Mnp, but I vai 
not nt all awaro of tha eitent of the eloTation, until ita importance was pointed onl 
to ma by Mr. Barclay. Therefore this promonlory of ihe Weald is not shown ; it 
is luch that il eidudei a greut part, and would siclude the whole, of the Lelth 
Hill district tram forming part of the effBCtiTe area, if thla aiig of dialurhance, which 
Mc. Auilen hud before ascertained to be eitremely eouBpicuous at Chilwortb, should 
prove to be continuous in its efTecls between Dorking aod Qnildford. But Ibis ii 
donUfol. 

I find however that Mr. Hopkins, in his Paper on the Theory of Ihe Wealden, in 
deicribing tho lango of this line of disturbance, has boon the first lo notice tho occut' 
ranee of the Wealden at Bury Hill (Gcol. Trans. Vol. VII. p. 1 9, 1 815). 
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I do not think tliat the contipuity of the strata is suffi- 
ciently broken to keep back the waters received at its ont- 



If the Lower Greensand were a thin group of strata, a 
email feult might cause a complete break ; hut in a deposit 
several hundred feet thick, and composed in greater part of 
thick beds of sand irregularly recurring, unless the extent of 
vertical disturbance should everywhere exceed the thickness 
of the formation, a certain amount of communication would 
be kept up between the opposite sides of the fault whenever 
the disjointed edges of any of the numerous beds of sand 
came into Juxtaposition, especially where the depth of the 
strata caused the pressure of the water to be great. 



Thenftder, vha haa passed avGC the phjaical details c 
remme the more genecal deKription. 



82. On the Springs in the Lower Greensand. — An attempt 
has been made to illustrate by a diagram the distribution 
of the free water in the massof thechalk (p. 72). The object 
of fig. 18 is to exhibit the same phenomenon in tlie Lower 
Greensand, and to show the position which this formation 
holds relatively to the Upper Greensand, the Ganlt, and the 
Wealden. This transverse section is intended also to embrace 
the leading physical features of the greensand district on the 
south of London, and to give a general representation of the 
country between the North Downs, and the weald of Kent 
and Surrey, a distance of from three to six milefl. 

The greater part of this tract is occupied by the Lower 

* I suspect that tliere js a conaidGmble diaturbnnce in this ronnntion in the 

neighbourhood of Aylesbury. It may he a prolongation of the diBlurbnnco noticsd 

It Swindon, niid dctPiTta Htlonlion, hb alTectiiig in some mtnauiT thv preiunt 
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Greeasaad, whose breadth varies according to the curvature 
of the strata, — being narrow when the curve takes a rapid 
bend upwards, and wider where it is prolonged, or forms a 
series of rolls. 




b. Lower Teitiftry straw. 

c. The cbslk. 

d. The Upper Greeneand. 

e. ThegauK. 

f. The Lower Greeiisand. 



The edges of this formation are bounded on tlie north by 
the Gault at b, and on the aouth by the Wealden at /' ; they 
are both impei-meable strata, and present water-tight surfaces 
to the sand between them, so that any water which might 
find its way below the margins of these deposits could not 
escape again, but would follow the subterranean course of the 
intermediate strata. In the process of time, and by the 
constant operation of the rain-fall, the large underground 
mass of the Lower Oreensand has been filled to its edges 
with water, and any further addition canees it to run over. 
It is this overflowing which gives rise to the springs of the 
district. Their magnitude will depend upon the breadth 
and " massif" of the Lower Greensand, and upon the differ- 
ence of level of the Gault and Wealden. 

83. We will now assume that the Lower Greensand con- 
sists throughout of sands of uniform texture. Supposing 
that no rain had fallen for such a time that the watcre cou- 
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tained in it were in a Btate of equilibrium : they would then 
stand at the level v, l, and all the springs would cease to flow. 
But when the mass of strata above v l is large this can rarely 
happen, on account of the fall of rain taking place from time 
to time throughout the year, and the texture of the strata 
opposing a certain resistance to its passage, which impedi- 
ment to its transit is sufficient to diffuse, uniformly over a long 
period, the delivery of the water that it receives irregularly at 
shorter intervals. 

The water first percolates downwards through the sands 
until it reaches the line of water-level, and then flows hori- 
zontally towards, and tends to escape at, the point of lowest 
surface-level S. (We are now supposing that this la the only 
vent.) The successive rain-falls keep adding to its volume, 
until the resistance presented by the lithological structure of 
the mass is balanced by the weight of the head of water accu- 
mulated above the level s, l ; the flow at s then becomes con- 
stant, and the mean daily delivery will be an average of the 
total quantity of rain infiltered during a month, a year, or 
even a longer period, according to the si^e of the mass in 
which the water ia stored. 

Where, however, there are more than one point of issue, 
if the marginal edges of the two series of impermeable strata 
at 3 and s" are on the same level, the water flows both ways 
in nearly equal force ; but when, as in fig. IS, the Wealden 
at b" rise ahove the Gault at s. the water tends to accumu- 
late in the Lower Greensand /, until it reaches a line con- 
necting I and s". This line will not be straight, but will 
present a curve varying constantly in its form according to 
the distance between s and s", the resistance opposed to the 
passage of the water, and the variation in the rain-fall. This 
would not so much affect the main spring at s as the minor 
ones at s and s", for when the curve s, s', x, a" reaches, at ar, a 
level higher than the point s" the water above the line pro- 
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longed horizontally from s" will tend to fiud its level and 
escape at s", notwithstanding the rise of the strata in that 
direction. This spring would bo the first to cease to flow in 
dry weather, A further fall of the water-level to the line 
s' z, would next aft'ect the spring at s, whilst that at a might, 
still maintain its perennial character, so long as any water 
sufficient to overcome the resistance of the strata remained 
above the level of v, l. 

84. The sands being of comparatively uniform texture 
and resisting power, water can pass through them freely in 
all directions ; and that which is stored in this Lower Green- 
sand will tend rather to overflow, not at any particular points 
only, but along the whole length of the rim of the Gault, — to 
ooze out in fact along the entire line of the valleys at s and s', 
the transverse section of which is shown in fig, 18, except 
where a local depression in the lip of the Gault diverts a greater 
flow and issue of water than usual to that point. In con- 
sequence of this lithological character the springs in arenaceous 
strata are generally not so large as in the chalk or similar 
deposits, where the water la confined to and issues through a 
few large channels. 

85. Some conception may ho formed of the permanence 
which these springs may exhibit when it is considered that the 
fell of the water-level, s, s', x, s", of one foot over an area of 
one square mile, probably sets free not less than 50,000,000 
gallons of water. But the water having to move laterally, 
and entirely through small channels (the interstices of the 
sands), and not having the advantage of the pressure which 
is exerted at greater depths, its motion is slow ; and as it 
overflows the marginal edges of the strata geuerally, — and 
also transudes and escapes at the surface wherever subordinate 
beds of clay occur, — a large quantity, not being in bulk sufficient 
to form permanent springs, must be lost by evaporation. It is 
where the transverse depressions in the zone of outcrop are 
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lowest, that the springs from these sands are likely to be the 
strongest and most numerous."^ 

When the Lower Greensand contains subordinate beds of 
clay, the line 5, /, Xy /, will necessarily be interrupted, and 
the spring system of the district will become more compli- 
cated ; but the same rules will still apply to each separate 
group of strata. 



86. The following are a few of the places where sections showing the structure of 
the Lower Greensand may be seen : — 

Upper Division. 

The sides of the lane commencing at the London Road, three fiirlongs northward 
from Limpsfield Church (Kent), and running through Laurel Grove to Limpsfield Com- 
mon. Pits near Betchworth (Surrey), — one,, five furlongs on the Dorking Road, 
— another, one furlong on the Reigate Road. Sides of the lane leading from the Punch- 
bowl Inn (three-quarters of a mile from Dorking, on the Reigate Road), southward 
to Chart Park. Sides of the lane leading from Tittings Farm near Chil worth (Surrey), 
southward to Halfpenny Farm. (This section shows both the upper and lower divi- 
sions — it is an almost perfect and very interesting section of the whole series of strata 
composing this formation). Pits immediately east of Silsoe, Beds. 

Lower Division. 

Pits on the common immediately south of Limpsfield. Cutting at the junction of 
the Brighton and Dover Railways. Road cutting over Tilburstow Hill, immediately 
south of Godstone, and the pits on the east of the road at the top of the same hill. 
Pits at Cold-harbour on the top of Leith Hill. Road cuttings on the high road from 
Wobum to Newport Pagnel, — the first two miles out of Wobum. 

General Sections. 

Railway section from the Leighton Buzzard station (Bucks) northward for two 
miles beyond it. Railway section firom Biggleswade (Beds) northward to Sandy. 
Part of the cuttings on the railway between Reigate and Guildford (the other cuttings 
on this line are through the Upper Greensand and the Gault). Railway sections ad- 
joining Famham. 

Beside these particular localities, good sections are exhibited very commonly on 
the sides of the lanes and roads throughout a large portion of these districts. 

• As in and adjoining the valley of the Mole where it enters the Greensand at 
Dorking, that of the Wey south of Guildford, and of the Dart at Riverhead. 

H 
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§ 9. The Weald Clay and the Kimmeridge Clay, 

87. The Lower Greensand is, throughout, incumbent upon 
one or other of these formations ; which, as they consist of 
impervious strata of clay usually several hundred feet thick, 
eflfectually prevent the downward escape of the water, accu- 
mulated in the overlying beds. 



88. The following table shows at one view the extent in 
square miles of the superficial areas of the several formations 
described in the foregoing pages, with reference both to the 
divisional arrangement that has been adopted and to the 
entire surface occupied by each deposit within the boundary 
of the map. 



Geological Fonnatlonf. 


Divisional Areas. 


Total 
Areas. 
Square 
miles. 


Sonth- 
easteni. 


North- 
eastern. 


Sonth- 
westem. 


North- 
western. 


a. London Clay 

6. Lower Tertiary Strata.. 
c. Chalk 


130 

195 

584 

7 

38 
215 


1460 
64 

1430 

3 

94 

40 


696 
45 

730 
80 
28 

135 


295 

50 

1050 

82 

180 

260 


2581 
354 

3794 
172 
340 
650 


d. Upper Oreensand .... 
fi. Oault 


/. Lower Greensand .... 


1169 


3091 


1734 


1917 


7891 



These, however, are to be considered only as approximate 
measurements. 
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§ 10, On the Relation between the actual and the effective super- 
jicial Areas of the several Water-hearing Deposits. 

89. It haa been convenient in the preceding pages to divide 
the whole of the area, occupied by the Lower Tertiary and 
Lower Cretaceoas strata on the Map, into four divisions, and 
to consider each group separately in stratigraphical order. 
It cauaot fail to have been observed that the position of out- 
crop, and the lithological character of the several formations, 
are liable to such variation, that the proportion of the rain- 
fall that can pass into the strata becomes materially modified, 
and depends upon other conditions than those of superficial 
area solely. We will now eudeavour to attach some definite 
value to these interferences, and to eliminate tho portions of 
the surface which may represent the really effective areas ; 
although these must he viewed only as very general ap- 
proximations made merely to meet, in some measure, the 
necessities of the case, and to indicate the course which should 
he taken. Having, however, thus obtained a series of numerical 
results connected with the dimensions of the different strata, 
we can endeavour to determine their relative importance as 
sources of water-supply. It will be desirable also to ascertain 
whether these strata receive any portion of the water 

' gathered on the adjacent impermeable deposits. 

90, It has been shown that in the districts east of the meri- 
dian of Deptford, — including north Kent, Essex, Suffolk, Cam- 
bridgeshire, and part of Herts, — neither the Lower Tertiary 

I strata, nor the Upper Greensand appear to contribute, except 
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iD a very small degree, to the supply in the metropolitan dis- 
trict (IF 32, 40, 45, 68).* This is important, for of the total 
area of the first of these formations, viz. 354 square miles, 
nearly 259 are, in consequence, at once excluded from our cal- 
culations ; while only about 10 out of the 173 square miles of 
the second are lost. Our attention may, therefore, be confined 
to the portions of those formations situated west of that line, 
and whose relative superficial areas are : — 

Lower Tertiary Strata ... 95 square miles. 

Upper Greensand ... 162 „ 

Lower Greensand .... 395 „ 

From this list it appears that in the district east of the 
meridian of Deptford the exposed surface of the Upper Green- 
sand is two-fifths, and that of the Lower Greensand more than 
four times, larger than that of the Lower Tertiary strata. But 
although these numbers give the dimensions of the areas of 
the water-bearing strata, they do not represent their exact 
and relative values, to which we must endeavour to ap- 
proximate. All the detail bearing upon this part of the 
subject has been given in the preceding pages. We have 
now only to recapitulate the general results. 

91. Tertiary Strata. — On the south side of this portion of 
the Tertiary district these strata form a narrow zone of out- 
crop from Croydon to Hungerford, and on the north, a broader 
zone from Hungerford to Ware. But it has been shown 
(H 23, 28, 46, 48), that, owing to the large development of the 
mottled clays in this group, — at points not more distant on 
the one side of this district than Leatherhead, or, at all 
events, Guildford, and, on the other side, than Maidenhead, 
— these Lower Tertiary strata frequently become almost im- 
permeable ; so that their outcrop, beyond a line connecting 
those places, is probably almost inoperative, in the supply 
of water to the beds beneath London. This would exclude, 

* The case is different with respect to the Lower Greensand (If 93). 
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as ineffective, the whole of the superficial area westward 
of that line, amounting to twenty-nine square miles ; or we 
will take twenty-eight square miles, as it is just possible that 
some small permeable beds may keep up a partial communica- 
tion between these different portions of the Tertiary area. 
There remain eighteen miles of southern outcrop, the larger 
portion of which is probably effective ; still, as the mottled 
clays occupy part of the zone between Guildford and Ewell, 
as a covering of drift is not uncommon, and as near Deptford 
the strata are a good deal broken by faults, I would further 
reduce the eighteen square miles to twelve. 

Of the northern outcrop, we might take two square miles 
from Bray to Slough, and about three in the valley of the 
Lea in the neisfhbourhood of Hoddesdon and Broxbourne, — 
of Bow and Stratford ; but even these portions of it are so 
much covered by drift that these five miles may be reduced 
to three of effective area. In all the intermediate tract the 
outcrop is so unfavourably placed, the mottled clays are so 
largely developed, and the surface is so generally covered by 
a drift of gravel, clay, and brick earth, that considerable 
allowances must be made for these causes. The value to 
be attached to them is of course in a great measure conjectural, 
but I am satisfied that the deduction on their account ought 
to be very large, — that of this portion of the outcrop we can- 
not take more than seven square miles as a contributing sur- 
face to the London district. The full extent of this north- 
western area is fifty square miles, which would thus be 
reduced to ten. This area may appear small, but it will, I 
think, be found sufficient, when we consider the supply of 
water in the south-western division, the effective area of which 
does not much exceed this size. 

I would also take as a possible source of supply two square 
miles of the Essex or north-eastern division. 

92. Upper Greemand. — From the more uniform lithological 
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character of the Upper G-reensand, and the absence of drift on 
its sarfoce, fewer deductions arc necessary. The principal 
impediment to the infiltration of walcr arises from the 
partially argillaceous character of some of the strata. 

From Godstone to Farnhani the conditions of this deposit 
are, on the wliole, extremely favourahle for the reception of 
the rain-water falling upon it, as it usually presents a bare and 
absorbent surface, and forms a well-marked ridge of some 
breadth. The upper beds are argillaceous, but the water 
thrown oif by them, usually passes on to the lower fissile 
and sandy beds, and is absorbed by ihem. From Farn- 
ham to Alton, however, the whole mass becomes, with few 
exceptions, so argillaceous, that the larger portion of that area 
must be reckoned as of no value. Between Godstone and 
Alton the Upper Greensand occupies an area of about fifteen 
square miles, and if we allow for unfavourable conditions, 
it may leave eight square miles of effective surface. 

We then pass into the isolated greensand valleys of 
Kingsclere and Shalbouni; — these being what are termed 
" Valleys of elevation,"" the beds dip, from a line passing 
longitudinally through the centre of the valley, towards 
the sides, and therefore the flow of water in the strata 
will be determined in two directions — southward, beneath 
the chalk of Salisbury Plains, and northward, under the 
Tertiary series. This latter part of the area alone affects the 
supply in the London district ; so that the other half (about 
one square mile) of the area in each of these valleys above- 
mentioned must be excluded as non -contributing surfaces. 

So also in the vale of Pewsey, where the Upper Green- 
sand attains its greatest development both in breadth and 
depth, one side only (about 28 square miles) of the valley 
has to be taken into account. On the score of subordinate 
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iDipervious strata, fewer deductions have to be made here, 
and through the remainder of the aonth-west division to its 
termtiiation near Swindon ; fifteen square miles out of the 
thirty-eight will probably more than suffice. 

From Wiltshire to Uitckiughamehire the zone of outcrop 
is usually broad, and placed, with regard to dip of the strata, 
position, and extent of surface, under favourable conditions aa 
a gathering grmmd. It generally forms a range of low hills 
running parallel with the chalk ridges, the upper sandy beds 
cropping out in the small intermediate valley, and receiving 
much of the superficial drainage from the lower chalk bills. 
This structure is well marked at Wantage, and also between 
Watliugton and Tetsworth, and continues as far as the Lower 
Icknield way, near Princes Bisborough; but it is less per- 
ceptible as the strata exteud eastward. This arises from 
the beds becoming gradually more and more argillaceous, the 
harder beds softer, and the whole mass thinner, until we 
arrive at the last-mentioned place, beyond which this deposit 
cun be traced with difficulty.* As part of the Upper 
Greensand, in a large portion of this district, is argillaceous 
and impermeable, although only occasionally covered by a 
drift of gravel, it may be necessary to exclude forty 
square miles of this area, and to consider only thirty-four 

From Riaborough to Cambridge, the Upper Greensand is 
BO obscured, and its beds appear to have become so thin 
and argillaceous, that all this portion of it Is, apparently, 
of little value ; and I would take, as a contributing surface, 
only one square mile out of eight, which is the probable 
extent of its exposed outcrop in this district. 

These deductions, therefore, reduce the elective area of 
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the Upper Greensand, westward of London, from 168 to 70 
square miles. 

93. Lower Greensand, — The contributing area of the Lower 
Greensand may be extended much further eastward than that 
of the two preceding deposits. In fact its structure through- 
out the whole of Kent is favourable to the infiltration of 
water ; but as, besides the longitudinal flexures, it appears 
to bd traversed by some important transverse fractures, we will 
extend the area, subject to our calculations, only as far east- 
ward as Maidstone. This additional portion embraces 82 
square miles, and makes a total of 212 for Kent and Surrey. 

It is diflicult to know what deductions should be made 
from this amount. The surface of the Lower Greensand, 
generally, is both bare and absorbent, but the disturbances 
which traverse it in an easterly and westerly direction must 
prevent a part of the area from contributing to the supply of 
water beneath London. Further, the central portion of this 
formation contains in Kent, and to a lesser degree in Surrey, a 
considerable proportion of subordinate clays ; so that the mass 
is, properly speaking, divided into two distinct water-bearing 
groups. But this division is apparently not maintained in the 
districts northward of London. Still the separation of the 
upper from the lower division is, in Kent and partly in Surrey, 
too well marked and too persistent to allow us to imagine 
that the waters held in them in those districts can commu- 
nicate, unless it should happen that some of the faults by 
which this formation is traversed, bring the disjointed edges 
of the lower division into contact with those of the upper, 
so as to allow the water from the former to pass into the 
latter. Consequently this lower division may possibly form 
a distinct water-level beneath London, so far at least as the 
supplies of water are concerned, which are derived from the 
fall of rain over the large area of sandy heaths extending 
along the higher part of the range of hills from Seven Oaks 
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and Riverhill, by Bletchingly, south of Reigate to Leitli Hill 
and Godalraing (see fig. 18, p. 94, where the position of the 
middle division is marked by two faint lines). 

Totally excluding, therefore, on this account 120 square 
miles, and of the remaining 102 taking off 14 on account of 
minor faults and a few impermeable beds, the surface of the 
Lower Greensand available in Kent and Surrey, becomes 
reduced from 212 to 88 square miles. 

In Wiltshire, this deposit, although so thin, is favourably 
placed as a receiving surface. It may extend over five square 
miles, two of which may be probably effective. 

In the north-western division of the Map, the boundary of 
the Lower Greensand is rather doubtful. To meet the un- 
certainty arising from this cause I would deduct twenty square 
miles. Again, a drift of tenacious clay diminishing, to some 
extent, the collecting surface of this formation, is spread over a 
considerable portion of the area, especially on the south of 
Woburn, and on the north-east of Silsoe. It is also doubtful 
whether, in some parts of Cambridgeshire and in the east of 
Bedfordshire, a slight but broad line of elevation may not 
interfere with the subterranean passage of water to London. 
Some of the northward prolongations of the Lower Greensand, 
as the one north-west of Leighton Buzzard, can also scarcely 
be available sources of supply, on account of the probability 
of lateral drainage of the strata. To meet these contingencies 
I would further exclude 100 square miles, although this is 
probably an extreme allowance, and take this area at 140 
instead of 260 square miles. 

There is so much uncertainty attached to the extent and 
capabilities of the north-eastern division of the formation that 
I will leave it altogether out of consideration. 

The result of all these deductions will be that out of 
650 square miles occupied by the Lower Greensand, only 2o0 
can be considered as an effective contributing surface. 
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These calculations, which are more general than I could 
wish, but are the only ones possible in the present state of 
our knowledge, show the probability that the effective areas 
of the several formations do not exceed: — 

Lower Tertiaries. Upper Greensand. Lower Greensand. 
Square miles 24 70 230 



94. While upon this subject we may briefly consider whether 
the supplies of water, arising immediately from the fall of 
rain on the surface of the different water-bearing deposits, 
are likely to be increased by the accession of water gathered 
on the surface of any of the contiguous impermeable strata. 
But this question is so wanting in data that no definite esti- 
mate can at present be attempted. The leading points can 
only be indicated. 

With regard to the Tertiaries — the chalk downs, which 
gradually rise above them on their southern boundary, present 
a surface generally too absorbent to allow much water to pass 
off to the outcrop of the Tertiary sands; whilst on the 
northern boundary of the Tertiary district, the chalk tract 
immediately adjacent occupies a lower level, and consequently 
receives, instead of contributing to, the drainage of the neigh- 
bouring Tertiaries. The drainage from the low hills of 
London clay may furnish to the Lower Tertiary sands, 
along their southern line of outcrop, a small additional 
supply : but, in the northern zone of outcrop, even this 
rarely happens, except in a few of the small transverse 
valleys. 

95. As the chalk marl commonly forms steep slopes imme- 
diately above the Upper Greensand^ the position of the latter 
is singularly favourable for receiving the surface drainage of 
the former deposit. The springs also thrown off from the 
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middle chalk at ita junction with this chalk mnrl, must, in 
flowing to the lower levels, pjisa over this formation. The 
drainage from the adjacent Gault very rarely passes over 
the Upper GreenEond, the former being almost invariably 
on a lower level than the latter, and the flow of water con- 
sequently determined in a contrary direction (see fig. 18, 
p. 94). 

On the whole it is probable that the Upper Greensand 
receives considerable additional supplies of water from the 
above-mentioned sources ; for the sloping surface of the chalk 
marl forms, in fact, a gathering ground of equal, if not greater, 
breadth than that of the Upper Greensand itself; whilst the 
outcrop of the latter constantly forms with the Lower Chalk a 
trough in which the surface drainage lodges. In this case, 
therefore, the extra supply is evidently an important element 
in the calculation of the water-value of this formation. 

9fi. The position of the Loioer Greensand, with respect to 
its receiving any additional supplies of water from adjoining 
grounds, is unfavourable. At its boundary with the under- 
lying deposits it forms, in Kent and Surrey, an escarpment 
only second in prominence to that of the chalk, with which 
it runs parallel ; and the general drainage is irom this es- 
carpment soutfiward towanls tlie Weald. In the same way 
in Buckinghamshire and Bedfordshire, the surface drainage is 
from the Lower Greensand northward towards the Kimmeridge 
Clay and Oolites. Again, along its boundary with the over- 
lying gault, this latter formation occupies the lower level 
(with the exception of a limited tract near Farnham, and 
another near Devizes), and therefore retains the rain-water 
which falls upon it, and also intercepts any that may drain 
from off any of the strata above it. The Lower Greensand 
consequently appears to be restricted for its water-supply, 
almost exclusively to the rain falling within its own area. 
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§11. On the Fall of Rain^ — on the Quantity infiltrating 
beneath the Surface^ — on the Power of Ahsorjjtion^ and on 
the Permeability^ of the Water-bearing Strata, 

97. Before proceeding further with the geological question, 
it is necessary to determine the quantity of rain which falls 
on the exposed surfaces of the water-bearing deposits, and 
to inquire what proportion of it may probably pass into 
the interior of the strata. 

The annual rain-fall in any one district varies so materially 
from year to year, that in order to obtain a true mean, it is 
indispensable tliat it should be taken from the results of many 
years. At present exact records of this description are con- 
fined to a very few places in the kingdom ; but it is to be 
hoped that the more numerous and very complete meteorolo- 
gical observations, commenced within the last few years, will, 
at no distant period, supply this want. In the mean time 
we can only take the data as they exist. 

98. The geographical configuration of a country leads to such 
differences in the amount of rain-fall even in districts nearly 
adjacent, that it is essential to have independent data for the 
area occupied by each separate geological formation. It is 
true that in the Tertiary district, where the physical features 
of the surface are not very variable, the rain-fall at a central 
position, as at London, might give a mean applicable nearly 
to the whole area; but where we have a tract of country rising 
to the height of the chalk escarpments, and ranging for many 
miles in nearly rectilinear and unbroken lines, then we may 
expect to find, in the Greensand districts beyond these ranges 
of hills, a rain-fall different to that of the Tertiary area on the 
opposite side of them. The evidence is at present very limited, 
but it points generally to an amount of rain considerably 
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greater in the Greensand districts of Kent, Surrey, and Wilt- 
shire, than in the Tertiary area around London. 

99. As few observations have actually been made imme- 
diately within the boundaries of the Greensands, it may be ex- 
pedient for the present to take the rain-falls at the nearest 
adjacent places in the same geographical tract. This has 
been done in the annexed list.* 



Geological 
districts. 



Tertiaty 



Chalk 



Lower 

Cretaceous 

and 

adjacent 

Oolitic 



Names of Stations. 



London^ 

Greenwich Observatory' 

Epping« 

Cobham, Surrey* 

Reading* 

Hartlip, nr. Sittingbourne^ . . . 

Watford 

Abbot's Hill, Herts* 

Hitchin® 

Hungerford* 

Cambridge'' 

Cardington, nr. Bedford' 

Linslade, nr. Leighton Buzzard* 

Aylesbury* 

Oxford^ 

Bath'o 

Beckington, nr. Melksham*. . . . 

Selboume, nr. Alton'* 

Uckfield' 

Reigate 

Maidstone'* 



Mean Ann. 
Bain-fall. 



Inches. 



25-42 

24-17 

26-60 

24-50 

2540 

32.04 

25-66 

26-60 

24-28 

26-59 

22-78 

25-36 

23-16 

25-70 

23-15 

32-79 

31-80 

37-20t 

27-60 

3000$ 

28-94 



Periods of observations. 



Years. 



36 

35 

10 

25 

17 

3 

9 

8 

1 

12 

7 

3 

1 

2 

20 

8 

3 

9 

3 

8 

1 



Date. 



1797-1833 

1815-49 

1825-34 

1825-49 

183-2-49 

18-27-9 

l835-42t 

1849 

1838-49 

1838-43, 1846 

1847—1850 

1849 

1848-9 

1828-47 

184-2-49 

1847-49 

1802 (before) 

1847-49 

1820-27 

1849 



" Luke Howard's " Climate of London." * For these lists I am indebted to the 
kindness of Mr. Glaisher of the Greenwich Observatory. * Beardmore^s 

" Hydraulic Tables." * Mr. Bland. * Mr. Dickinson. ® Mr. Lucas. 

^ University Observatory. * Mr. J. Osbom. " RadclifF Observatory. 

»® Mr. R. Biggs. " Cited by Dr. Dalton. '* Dr. Fielding. 



* I have since received the following rain-falls for 1850, — Greenmch, 19-7 ; 
Hitchin, 20-66 ; Cardington, 18-5 ; Linslade, 20-91 ; Uckfield, 28*8 ; Maidstone, 
23*36. The fall this year was generally much below the average. The fall in 1849 
may be taken as a fair average ; at Greenwich it amounted to 23-9. 

+ Since continued to 1849, see Proc. Inst. Civ. Eng. Vol. IX. p. 158. 

$ This quantity is, for a mean of 9 years, so large, that there is probably some error. 
I have therefore omitted it in the general averages. 

§ The observations are lost, and the rain-fall is given from recollection. It is 
stated to have been rather above 30 inches. 



110 



FALL OF RAIN. 



From these observations the following approximate mean 
results may be deduced, by taking an average of the rain-fall at 
stations in, or surrounding, the several geological districts, — 
those nearest on either side being combined to form a mean.^ 
Thus the rain-fall at and near Devizes is taken as intermediate 
between the fall at Hungerford and Beckington ; while that at 
and round Wallingford, is assumed to be intermediate between 
the fall at Oxford and that at Reading. For the Tertiary 
district and the chalk, the average is that of all the places 
named taken together. In the Greensand districts, as the 
several areas are detached and wide apart, a separate calcu- 
lation is made for each. This must be viewed only as a 
temporary measure until more complete data are obtainable. 



stations serving to form the averages for tbe several 

districts. 


Mean Ann. 
Bain-faU. 


Geological 

district 
represented. 


Inches. 9 


London, Greenwich, Watford, Epping, Cobham, ( 

Reading S 

Hartlip, Cambridge, Greenwich, Watford, Abbot's } 

Hill, Hitchin, Hungerford, Reading S 

>N. Hitchin, Aylesbury, Oxford, Reading ..24*75") 

W. Hungerford, Beckington, 29*20 > 

S Reiffate 30*00 1 


25 
26 

28 

26i 


Tertiary, 

Chalk. 

Upper 
Greensand, 

Lower 
Greensand. 


N. Cambridge,Bedford,Lin8lade, Aylesbury 24*25 ) 
S. Reigate, Uckfield, Maidstone 28*84 ] 



^ Position of the zone of outcrop with reference to London. ' In round numbers. 

1 00. We have neost to inquire what proportion of the rain-water 
may pass from the surface into the intenorofthe strata. This 
is a subject involved in much obscurity; very few experiments 
have been made, and these at first sight appear rather contra- 
dictory. In 1796-8 Dr. Dalton made, at Manchester, the 
first series on which any dependence could be placed."f* The 

* In Johnson and Berghaus^s Physical Atlas (Map, Meteorology), the line of 25 
inch rain-fall runs by Heme Bay, passes at a short distance to the south of London, 
and then sweeps round by Oxford ; whilst the 30 inch line of rain-fisill proceeds from 
Dover, by the north of Portsmouth, to Bristol. 

t ''*' Experiments and Obscryations to determine whether the quantity of rain and 
dew is equal to the quantity of water carried off by rivera and raised by evaporation. 
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apparatas he used was a vase in the form of a pluviometer, 10 
inches across at top and three feet deep, into which he put " a 
few inches of sand and gravel," and then filled it up with 
"good fresh soil." A pipe at the bottom of the vase con- 
ducted the water which filtered through these materials into 
a graduated receiver. This was placed in the ground with 
an ordinary pluviometer by its side, and left undisturbed for 
three years — the grass being allowed to grow over the 
surface. 

The next, and more complete series of experiments, were 
those performed by Mr, Dickinson at Abbot's Hill, near 
Hemel Hempstead.* They extended over a period of eight 
years (1835-43), and were conducted on the same plan as 
those by Dr. Dalton, The cylinder was filled with the " soil 
of the country, a sandy gravelly loam." 

Mr. Charoock's experiments were made near Ferrybridge, 
and continued during five years. ■!■ The cylinder was filled 
with two feet of " gravel and sand, capped by soil." 

101. The following are the results of these several experi- 
ments : — 



...™». 


M«D AnDui bll of nln 

on Uiesurfere during the 

period Iha oiperinients 

vera i^uiitlnued. 


MoamAnnml iiiiantllyo 


ProportloD 


Inches. 


lnclie». 


Ur.Daltoti .... 
Mr. Dickinson . , 
Mr. Chantwk .. 


33'B5 
2B-6 
24.60 


n-39 

11-39 
4-8-3 


196 



It must be observed in explanation of the apparent discre- 
pancies between these results, that Dr. Dalton used the com- 
mon surfatie soil of the district (New Red Sandstone), which 
contains a good deal of clay, and would probably be very 

with lui inquir; into the origin of eprings." Memaire of the Literary and Philasophical 
Sodot; of MoncliPBtcr, Vol. V. port II. p. 346. 

" Proc Inrt. Civil Eng. Vol II. p. 168 ; 1843. Since there pages were writlen 
B further accaimt, bringing the viperimenta down to 1 849, has tieen publielied in Ihs 
9l]i vol, nf the same work, p. 158. The infiltration during this latter period waa rather 
le«a. t Jouni. Aj{rir;. Soc. Vol. X. p. 516. 
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absorbent and retentive; Mr. Dickinson took the lighter 
gravelly loam overlying the chalk, and common in the Ter- 
tiary and Secondary districts around London ; whilst Mr. 
Charnock employed the heavier magnesian limestone soil of 
Yorkshire, — and further, his experiments having reference 
to a special agricultural question, the soil was occasionally 
stirred. In this latter instance, therefore, the evaporation 
from the surface would be increased, which, joined with the 
fact of this soil being much more argillaceous, would account 
for the infiltration of water being so much less than in the 
other experiments. 

102. From calculations over large areas it would appear 
that about one-half of the rain which falls is lost by evapora- 
tion and taken up by vegetation, and that the other half 
drains on the surface or passes into the ground. In cultivated 
districts of similar climate the indirect evaporation produced 
by vegetation may remain on the average nearly the same ; 
but the quantity of water returning to the atmosphere by 
direct evaporation, or passing into the river channels by surface 
drainage or carried off underground, depending entirely upon 
the lithological character of the country, must necessarily be 
subject to extreme variations. If, in fact, the above pro- 
portions can be considered a fair mean, then, as there arc 
many soils which allow of little water filtering through them, 
and on which the evaporation and surface-drainage would be 
great, so there must be, to maintain an average, cases in which 
the larger portion of the rain is absorbed into the strata.* 

* In the Annuairc du Bureau des Longitudes, for 1835, M. Arago gives an account 
of some experiments made on the quantity of water carried to the sea by the Seine. 
He observes (p. 198) that ^ The volume of water which passes annually under the 
bridges at Paris is scarcely a third of that which falls as rain in the basin of the Seine 
above Paris. Two thirds of this rain either returns into the atmosphere by means of 
evaporation, or goes to the support of vegetation and of animal life, or is conducted 
to the sea by subterranean channels.** 

The experiments which have been made upon the quantity of water carried to the 
sea by tlie Thames appear to be too uncertain to be depended upon. See Rennie's 
Report in Trans. Brit. Assoc, for 1835, p. 488. 
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103. Of the rain- fall, which paasea by infiltration into the 
ground, the proportion is very variable at different seasons of 
the year. Mr. Dickinson's experiments show that in the 
six months from April to September inclusive, a very small 
quantity of rain-water traverses the surface soih It ia in the 
heavy and long continued rains of winter that the chief infil- 
tration takes place. The following list gives the monthly 
results of the eight years' observations from 1835 to 1S43,* 

Hnmifcll. Mmh kLfiltmllDn. Pctoonl, 
Jannarj 1>847 1'307 707 



February . . 
April .. 



July .... 
August . 
September 
October .. 



..1-1)71.. 

..1'617 1-1177.. 

..1-456 0-30B.. 

..1856 0-108., 

..2-213 0-039.. 

..2-287 0-042.. 

..2-427 0036.. 



. . 2-823 1'400 49-0 

November 3-B37 3'2£a B4-9 

December 1-641 l.BOS 1000 

104. The preceding experimeuts have reference, however, 
merely to the mixed surface mil. They show a considerable 
variation in its faciHty of transmitting water ; hut they do not 
give data respecting the permeability of the undisturbed strata 
themselves. The relative power of the two must difler; in 
the latter it varies much more than iu the former. In order 
to obtain data bearing upon this point and also for the pur- 
pose of determining the quantity of water which a given 
bulk of arenaceous strata would hold, I made a few experi- 
ments, of which the table iu p. 114 gives the main results. 

From them it would appear that a cubic foot of arena- 
ceous strata can hold from about 1 ]^ to rather more than 3 
i. gallons of water, or from about two-sevenths to one-half of its 
bulk ; and that the facility with which water passes through 

■ Parkes [n Joimi. Boy. Agric. Snc. Vol. V. p. H7. 
t Pun of the Nof. fall infiltrates in Dec, 
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these different strata varies as from 1 to 10. It is also evi- 
dent that it is not the purest sands which hold the most water. 
The presence of clay increases the capacity for water, at the 
same time that it rapidly diminishes the permeability of 
the strata, — a very small quantity appearing to have great 
influence in this respect. The strata which, in these expe- 
riments, unite the greatest absorbent power and permeability 
combined, are those consisting of clear siliceous sands, with 
grains about the size of clover seed. When the grains are 
very fine they hold less water. The coarsest sands being 
mixed with a small quantity of clay, their real permeability 
is not known.* 

These experiments give in round numbers the following 
mean average results for the three water-bearing deposits. 





Quantity of water 

that one cubic foot 

can bold. 


Permeability — 
taking the Tertiary 
sands as unity. 


Gallons. 


Lower Tertiary Sands 


2* 
3 

2i 


1-00 

•68 

3-OOt 


Lower Greenaand 



105. In endeavouring to combine these results with the 
permeability of the surface soil as exhibited in the experiments 
of Dr. Dalton and Mr. Dickinson, I experienced considerable 
difficulty ; and even now can consider, as approximate and 
probable, the conclusions relative to the Lower Greensand 
only. In trying the rapidity with which water passed through 
garden mould, in the 15 inch tube, I found it to be not 

* Some experiments by Profl Schilbler make the power of soils to contain water to 
be, according to volume, as follows : — 

Siliceous sand 37*9 per cent. Loamy clay 57'3 per cent. 



Calcareous 



»» 



44-1 



Sandy clay 51*4 



M 



»» 



» 



Garden mould 67*3 

Arable soil 57*3 „ 

Joum. Roy. Agric. Soc. Vol. I. p. 177, 1840. 
t The number for its upper division is about 4*00, and for its lower 2*00. 

I 2 
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more than 1*8 cubic inch per hour, which is less than the 
average of any of the strata.* But with a zinc cylinder 1 
foot deep, nearly 4 inches in diameter, and filled with about 
120 cubic inches of several sands, the relative results were dif- 
ferent ; — the proportion of water filtering through the Tertiary 
sands and the Upper Oreensand was much less, whilst through 
the garden mould, on the contrary, a much larger proportion 
passed. The permeability of the latter, in fact, in this case 
considerably exceeded that of either of the former ; it how- 
ever still held in this other set of experiments the same 
relative proportion to the sands of the Lower Greensand.-f* 

106. If, therefore, we combine these results, taking the 
permeability of the soil at the maximum indicated in these 
latter experiments, and compare it with the Lower Greensand 
under the same conditions, — and then again take this with 
reference to the other deposits, according to the results ob- 
tained in the first experiments, — the comparative permeability 

* With regard to tho retentiveness of soils, Professor Johnston, states in his ** Lec- 
tures on Agricultural Chemistry- and Geology*^ (2nd Edit. 1847, p> 633,) that from 
100 lbs of dry soil water will begin to drop, if it bo a— 

Quartz sand, when it has absorbed 
Calcareous sand 

Loamy soil .... 
Chalk .... 
Clay loam .... 
Pure clay .... 

The rate of percolation is not given* 

t These experiments I do not detail, as it would be desirable to repeat them, as 
well as those in the first list, and also to give them some other form. 

The surface mould, although transmitting water, when saturated, with as much 
facility as the Upper Greensand, imbibed it far less readily when dry. It took in finct 
more than three times longer to saturate the former than the latter. The relative time 
required for the saturation of equal quantities (t.6. 15 inches in the glass tube) of the 
different strata stood thus — 

Lower Tertiary sands . . 26 minutes. 

Upper Greensand . . 82 ,, 

Lower Oreensand . . . 6 ^ 

Garden mould . . more than 100 •• 



25 


Pounds of water. 


29 


n 


»» 


40 


n 


•* 


45 


w 


»♦ 


50 


w 


w 


70 


n 


M 
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of the different deposits will be exhibited by the following 
numbers, takiug as uuitj the permeability of a surface soil 
frum Olapham Common. 



i-oo 



1-73 



1-02 



It would accordingly appear that, on a bare surfece of the 
sandy portions of the Upper Greenaand, water infiltrates with 
about the same facility as through a rather porous vegetable 
soil, on the Tertiary sauds nearly twice as rapidly, and on the 
Lower Greeusand i^ times more rapidly. 

107. The experimeuta of Mr. Dickinson show that about 
j^"" of the rain-fall can pass through 3 feet of the ordinary 
surface soil.* Its further progress depends upon the nature of 
the subsoil. Clays would stop altogether the further descent of 
the water, while sands would offer little or no impediment. 
But, as some portion of the Tertiary sands, and a very large 
proportion of the Upper and Lower G-reensands, present de- 
nuded surfaces, without gravel and only with a few inches or 
foot of mould partaking of the sandy character of the under- 
lying beds, the i)a88age of the water, from the surfece down- 
wards, would depend almost entirely upon the litliological 
character of these deposits. 

On the Tertiary sands the quantity of rain absorbed would 
consequently be likely rather to exceed -j^'"" of the fall, 
whilst on the Upper Greensand, that proportion may be 
applicable to the whole effective area. In the Lower Green- 
sand the absorbent power of the strata is so very much 
greater, that a large proportion of the total rain-fall must pass 
into the body of this formation. 



I refer to these esperinn 



abeo 



le tbe Burf^e Boil at Abbot's Hill would m 



le that Bpread geuerally over the Terliarj and Secondary itnita around 
LotHlon, than would that of Mancheeter, which is formed in gnater part Iroai the 
debris of the tind stonoa, clays, and matla of the New Red Sandatone. Mr. Dickiuson 
a depth of 3 feet beneath the 
■uiiiue, no further loss by ovapom^un takes place. 
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108. 13ut we have also to take into consideration that, 
however absorbent the surface soil may be, the existence of 
vegetation, to which we have before alluded, must intercept a 
large portion of the rain-fall. This has been partially allowed 
for in the experiments of Dalton and Dickinson, in both of 
which the surface was covered with a growth of grass. But 
this is hardly enough ; the more active and vigorous vegeta- 
tion of the corn crops and of trees is productive of a far greater 
evaporation. What it may amount to has not yet been de- 
termined by a sufficient number of direct experiments. As 
an indication of the importance of vegetation in absorbing the 
rain-fall, I may mention that a tree of average size is supposed 
to yield by evaporation from its leaves about 2 to 2^ gallons 
of water daily ; and in some recent interesting experiments of 
Mr. Lawes,* three plants of wheat or barley grown in pots 
gave off in the course of six months of their active growth 
nearly 1^ gallon of water ; — for every grain of dry produce 
200 grains of water were evaporated. We have, however, 
to add to the ordinary supply of water by rain, that afforded 
by dew and the absorption of moisture from the atmosphere by 

• *' On tho amount of water given off by Plants during their Growth,*' Joum. 
Hort. Soc. Vol. v. part I. 1850. In applying these experiments to any given area, 
the evaporation from each plant will depend very materially upon tho thickness of tho 
crop on the ground. The amount of evaporation is best determined by the quantity 
of dry produce. Mr. Lawcs observes with regard to wheat, barley, peas, beans, and 
clover, " that in every case more than 200 grains of water passed through the plant, 
for 1 grain of material (substance of the plant) accumulated.** Now this will enable 
us to form somo general estimate of tho evaporation caused by the same description 
of vegetation on any given area. Prof. Johnston, in his work above quoted, calculates, 
p. 9274 that tho average gross produce per acre of different crops approaches to the 
following quantities : — 

Avoragc wuiglit Average weight Total. 

DuhIicIh. in Ibfi. of straw in Ibti. Ww, 

Wheat 25 to 30 = 1 750 + .3300 = fiO.'iO 

Barley 35 — 40 = 1 .086 4- 2300 -= 4*285 

Beans 25—30 =r-. 1700 + 2950 = 4650 

Peas 25 = 1650 + 2700 = 4350 

Clover 2 Tons = 4480 = 4480 

To these totalis we have to add the weight of the stubble and roots, which may be 
taken roughly at one half the weight of the straw (Johnston, p. 745-(>, and l^ussin- 
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argillaceous soils,* amounting together, probably, to several 
inches annually."f- 

As the Lower Tertiary strata and the Upper Greensand 
commonly form arable lands, they are most affected by these 
causes. The Lower Greensand, with a portion of such 
lands, presents also a considerable breadth of heath and wood. 

These remarks are made more to guard against assuming 
an increased infiltration proportioned to the greater porosity 
of the strata, rather than to diminish very materially for the 
underlying strata, the proportions established by Mr. Dickin- 
son's experiments for the surface soil ; for in these experiments 
almost all the infiltration took place beween October and 
March inclusive, while none comparatively occurred during 
the summer months when the rain appears to have been 
dissipated by direct evaporation and vegetation. The influ- 
ence, however, of these agencies diminishes as the soil becomes 
more sandy, the rain-water being more rapidly removed from 
their influence. 

gault's Rural Economy, Law's translation, p. 480-8), and then, as I am informed by 

Mr. Lawes, to subtract one-seventh of the weight, as harvested, for water. We 

shall then obtain the following approximate results. The rain-fall we may suppose to 

be 25 inches, which is equal to an annual fall of 564,934 gallons of water per acre, or 

357, 91 1, 335 per square mile, — 

Evaporation of water during growth. 

Per acre. Per square mile. 

Gallons. Oallons. 

Wheat 1 14,860 73,510,400 

Barley 93,180 59,635,200 

Beans 105,000 67,200,000 

Peas 97,720 62,540,800 

Clover 1 15,380 73,843,200 

* According to Schiibler during a night of 12 hours and when the air is moist, 

1000 lbs of a perfectly dry Quartz sand will gain Pounds. 

„ „ Calcareous sand „ 2 „ 

„ „ Loamy soil „ 21 „ 

„ „ Clay loam „ 25 „ 

„ „ Pure agricultural clay „ 37 „ 

Johnston's ** Lectures o» Agricultural Chemistry and Geology,*' p. 532. 
t The fiUl of dew at Manchester was estimated by Dr. Dalton at 5 inches 
annually . 
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109. After making due allowance for the operation of all 
these causes, we may, I think, conclude that, as the proportion 
of rain-fall passing through the ground amounts in Mr. Dick- 
inson's experiments to 42 per cent, the absorption by the 
different water-bearing strata, within their effective areas, is 
probably not less than : — 





Total mean annual 
rain-fall. 


Amonnt of infiltration. 


Inches. 


InoheB. per cent. 


T^€^w€ft T^irliam SandM ••••«••••••••• 


25 
28 
26^ 


12 or 48 
10 or 36 
16 or 60 


TTtyruiT (rTA^nsand •••••••••••••••■•• 


TjMMi&t Gi^^^msoMid •••••••• ••••••«••• 





§ 12. On the relative Volumes^ Dimenmns^ and Capacity for 
Water ^ of the several Water-hearing Strata. 

1 10. In the foregoing pages a general account has been given 
of the geological structure of the country around London, with 
reference to the conditions which determine the water-bearing 
capacity of the several deposits, and to the rain-faJl upon 
each of them. We now have to inquire, by a comparison of 
the dimensions and relations of these strata, as to the quantity 
of water that may be probably obtained from the different 
groups. 

In estimating the fall of rain on the areas of the water- 
bearing strata, we must allow for the limitations and de- 
ductions pointed out in § 10, and to which, as their in- 
fluence is undoubted, numerical values, necessarily in a great 
degree arbitrary (and which I only submit as an approximate 
measure of certain probabilities), have been assigned. In the 
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following calculations, we take, therefore, only the presumed 
effective areas of the different deposits, — that is to say, their 
total areas diminished by the agency of all those conditions 
of position and structure, which interfere with the absorption 
of water at the snr&ce, and its transmission within the mass 
of the strata. 

111. Allowing for these considerations, the mean daily* fall 
of rain on the several surfaces, and the total probable quan- 
tities absorbed into the interior of each formation, will be as 
indicated in the following Table. 





eSeam 


recsltod. 


Prob^bls qoiaiit^abmrbsd 


^:^ 


^^l 1 %tlrJ^. 


iimusllj. 1 S4 lionts. 


Lomr Terliariei . . 
Upper Onema«d .. 


34 
70 
230 


26 = 23,743,656 
28 = 77,660,660 
26i =241,fi00,920 


12 = 11,411,362 
10 = 27,735,960 
16 =145,811.720 



112. Assuming these to be the approximate quantities of 
water which the three water-bearing deposits respectively re- 
ceive and imbibe in a given time, we have now to measure 
the volumes of the strata themselves, so as to arrive at the 
quantity of water which they may hold, for upon this will 
depend the permanent and steady maintenance of the supply 
they may afford. 

In calculating the dimensions of the strata in their subter- 
ranean range under the London clay and the chalk they must 
be taken, as in the case of the superficial areas, not at their 
full dimensions, but only to the extent to which they may 
be supposed to communicate with a centre beneath Lon- 
don. 

With regard to the Tertiaries and Upper Oreensand, we 



" I take tiie Jailg in preference to 
and more immediately npplicable, s, 
of the watsMupplf. 



le aanual meau, as the Diuuhers 
B term of coniparison, to th<! ) 
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may confine our attention to that portion of them which lies 
west of a meridian passing through Deptford, and embracing 
the north-western and south-western divisions of the Map. 
The available subterranean area of the Lower Greensand 
extends, however, beyond these limits, and may be prolonged 
eastward as far as a line carried from Maidstone* to Cam- 
bridge. 

On the west of London, the subterranean area of the water- 
bearing sands of the Lower Tertiaries may be considered as 
limited by a line passing from Guildford to Maidenhead; 
while the Upper and Lower Greensands have an available 
range westward as far probably as Devizes and Calne. It 
may, however, be as well to exclude the Upper Greensand 
north of a line drawn through Stevenage and Luton, and 
the Lower Greensand west of a line drawn from Alton to 
Abingdon (H 68 and 81). 

113. The thickness of the permeable portion of the several 
water-bearing deposits has already been calculated (If 27, 
67-71 and 78) for the whole area ; but it is necessary now to 
take the average thickness from that portion of them alone, 
which is limited to the areas above defined. That of the 
Tertiaries is a mean deduced from an equal number of sections 
on their northern and southern outcrops, and on a central line 
between them. In estimating the dimensions of the Lower 
Greensand, the lower division of this deposit in Kent and 
Surrey, but not that in the counties north of London, is 
excluded for reasons assigned in IF 74 and 78. 

If then the underground areas of the strata, taken with 
these limitations, be multiplied by their thickness, we shall 
have their volumes, in numbers, each unit of which will 
represent a mass one mile square by one foot thick. 

* It might probably be even extended eastward of this town. 
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htuHir 'lertitity Slratti 
Uj)jmr (Jreerutand . . . 
iMwer (tfetmmnd . . . 



ThloknoNN of 



Available 
■ulitorranoan 
aroa, 

H«|uaro niiloH. 



Volam«N. 



19 X 

30 X 

200 X 



620 
2840 
4000 



0,»M0 

«6,200 

020,000 



114. The quantity of water which may be held in masses of 
these dimensions, depends, as before mentioned (H 104), upon 
the texture of the sands, and on the fissures and closeness 
of bedding of the more solid and less permeable beds.^ Taking 
their capacity as previously (p. 11/)) determined, it would 
appear that the quantity of water, below the line of water- 
level (see fig. 18, p. 94), in each block one mile square by 
one foot thick, as well as over the whole effective superficial 
urea (p. lOG) taking the same thickness, is as follows : — 



/yO//'«r Tertinry Sands 
l/jtjter (Jreenmintl . . . 
tjitHHT (Jreenmnd . ♦ • 



OallonN |H)r ))lock of 

Ntrata 1 tnllo Hquaro 

aud I foot thick. 



CU,«00,000 
83,03/),200 
02,726,400 



OallotiN in a thicknuNH 
of 1 foot, nxtAiiiUMl 

ov<sr tho whohs of the 

olfoctivft Hupurflclai 

aroa. 



1,072,704,000 

5,H/>4,464,000 

14,427.072,000 



All the permeable beds below the level of the water-line 
(tf, /, (D, 8'\ fig. 18) must be in this condition of saturation. The 
immense extent of the reservoir formed, therefore, by the 
Lower Greeiisand may readily be conceived, when it is con- 
sidered that each of the 920,000 portions contains probably 
at least 60,000,000 gallons of water. Capillary attraction 
and friction would necessarily cause the retention of the larger 
portion of this quantity, but still that which may be considered 
free must be excessively large. 

With respect now to the passage through the mass of the 

* 1 refer to aumo budit of tli» Upper OreeiiHuiid, which arc too clofoly afaociiitod 
with tho Nanda to Ix) excluded. There are alio vome few compact beda of the Lower 
(JroeiiMUid. 
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strata of the large bodies of water which thus appear to be 
stored in them. It has been shown that their capacity for 
water varies considerably, and also that it passes through 
the arenaceous beds with very different degrees of rapidity. 
The one property appears to be in some measure inversely 
as the other. 

115. At first, the transmission of the water, being effected 
by gravity only, is slow and impeded by the capillary attrac- 
tion of the sands, as well as by friction. But in the more 
deeply-seated portions of the strata, extending from 500 to 
1000 feet beneath the surface, the hydrostatic pressure must be 
so great as to force water with comparative facility through 
beds, in which near the surface it is transmitted very 
slowly. It is probable that, under these conditions of depth 
and pressure, the water will flow through loose arenace- 
ous strata with a rapidity and ease far exceeding that of 
any delivery near the surface. 

116. The next question regards the distribution and 
mode of escape of the large quantity of water, which infil- 
trates on all parts of the exposed surface into the interior 
of deposits consisting essentially of sands. This is effected 
1 — by a constant issue in the form of springs ; 2 — by a 
nearly equally constant oozing of moisture in quantities, sepa- 
rately small, but large in the aggregate, at the junction of 
the beds of sand and clay ; 3 — ^by a superabundant dis- 
charge from these two sources after wet weather, and during 
the winter months; 4 — by an exceedingly slow movement 
underground, when any escape at distant points, and on lower 
levels, can take place. 

As the first mentioned of these causes supplies niost of the 
brooks and streams within the districts formed by the water- 
bearing strata, any interference with its right and sufficient 
action should be avoided. 

It is by a proper adjustment in preventing the loss of water 
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arising from the operation of the last three causes, which, I 
believe, dispose of a Tery large portion of the water infiltrating 
beneath the surface, that au underground source of eupply, 
available for Artesian wells, is to be looked for. What the 
quantity may he, could be roughly estimated by ganging in 
their ordinary state the streams rising in tlie district ; calculat- 
ing the quantity required for vegetation ; and determining the 
amount supplied by rain. The difference between the last and 
the sum of the first two quantities will give the approximate 
proportion of water lost by evaporation and floods. Part of 
this must always unavoidably occur ; but wiien the difference 
appears disproportionately great, then there is probably an 
unnecessary waste arising from an over-saturated condition of 
the arenaceous strata, which by keeping all the lower marginal 
beds moist and wet, forms an evaporating surface of very 
considerable extent : of the importance of this agency some 
conception may be formed, when we consider that by its 
means alone the quantity of water often returned to the at- 
mosphere from one square mile of such surface may amount, 
according to some calculations which have been made, to as 
much as 400,000 to 500,000 gallons daily. 

If Artesian wells were established in the Lower Greensaud 
beneath London, their action would tend to lower slightly the 
line of water level (s, /, x, s", fig. 18, p. 94) so that a larger 
quantity of water could be added to it from the surface, 
without a general overflow to the same extent as before, and 
a large annual amount, now running to waste, might probably 
be retained and stored in the strata. At the same time no 
great depression of'the line of water-level, such as would in- 
terfere with the more local issue by springs, need be necessary. 
For this line forms a curve rising many feet above the points 
at which the springs issue at s and a, and the summit of this 
curve may fluctuate within certain limits without its extremities 
being materially affected. Such chajiges would bo attended 
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with important results, for a clear fall* throughout the whole 
of the effective area (230 miles) of the Lower Greensand, 
even of 1 foot at the summit, lessening until it becomes im- 
perceptible at the margin, of the curve, or of 6 inches uni- 
formly, would be equivalent to the disengagement of 7203 
million gallons of water, or to a supply of 50,000,000 of 
gallons daily, for a period of nearly five months, indepen- 
dently of any replenishing by rain. 

A rather greater fall in the water level at the end of the 
summer months than now occurs, being equivalent to an in- 
crease in the dimensions of the reservoir, would enable the 
water-bearing strata to receive and store much of the surplus 
winter waters, now lost by floods. 

Not only is the quantity, carried away at these periods 
in the surface channels, large, but in this case also as large 
breadths of water remain exposed for a. time on the surface 
the loss by evaporation is very important. On such occa- 
sions the water overflows at intervals along the whole length 
of the marginal edge of the Lower Green sand at its junction 
with the Grault, and running down upon the surface of the 
latter often helps to flood the valleys extending to the base 
of the chalk escarpment ; for these floods probably arise as 
much from this cause, as from an accumulation of surface 
drainage, merely on the impermeable beds of the Gault itself, 
or on the Lower Chalk marl. 

117. These calculations, although offered only as very general 
approximations, give results sufiiciently marked and decided, 
that even admitting the necessity of not inconsiderable cor- 
rections, I think they establish strong prima facie evidence in 
favour of the Upper and Lower Greensands beneath London 

• In speaking of any &11 of the line of wateivleTel, I mean the transit for that 
distance of the water throughout the hody of the strata, — not the variation in the 
exact surface line, which does not move with equal freedom and does not give a well- 
''efined outline. 
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tnrbance is that forming tlie axis of tlie weald of Kent and 
Surrey, — parallel to which, and therefore in a general east and 
west direction, we find, in receding from it, a aitccession of 
desceDdiiig carves, extending at intervals to the Tertiary dis- 
trict. The principal onea are represented in the Section No. 1 
on the Map, but the scale is there almost too small to show 

• them clearly. Their general form is better seen in fig. 18, p. 
94. 
These fiexures of the strata generally rnn in long and 
' nearly straight lines, maintaining a near parallelism one with 
the other, and are occasionally accompanied by feults, usu- 
^^ ally of small size, and of limited range and extent ; they 
^^h are separated by zones, in which the strata remain nearly 
^^V horizontal. I have marked the course of a few of these dis- 
turbances on the Map. My object is, however, rather to 
show their approximate position, and to indicate by short 
parallel lines the probable occasional breaks in the strata, 

■ than to lay down any specific fracture. 
The Brighton Railway traverses at right angles a series of 
these curves between New Cross and the Reigate station. 
They commence at the New Cross cutting, with a flexure in 
the strata, whereby the Lower Tertiary strata are brought to 
^^L the surface. The London clay then continues nearly hori- 
^^K zontal to Croydon, where, in the first cutting beyond the sta- 
^V^ tion, the chalk rises to the surface by a rapid curve. Between 
the tunnel and the Merstham station another curve brings up 
the Upper Greensand and the Gault at an angle of 18° to 20°; 
and in the same manner the lower beds of the Lower Green- 
sand crop out in the cutting at the junction of this line with 
^^ the Dover one. The strata in all the intermediate districts 
^^L, are comparatively level. 

^^1 119. If we follow the curves along the linos of their course, 
^H or their siriie (as it is termed by geologists), we shall find 
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with importaot results, for a clear foil* thronghout the whole 
of the effective area (230 miles) of the Lower Greeusand, 
even of 1 foot at the summit, lessening until it becomes im- 
perceptible at the margin, of the curve, or of 6 inches uni- 
formly, would be equivalent to the disengagement of 7203 
million gallons of water, or to a supply of 50,000,000 of 
gallons daily, for a period of nearly five months, indepen- 
dently of any replenishing by rain. 

A rather greater fall in the water level at the end of the 
summer months than now occurs, being equivalent to an in- 
crease in the dimensions of the reservoir, would enable the 
water-bearing strata to receive and store much of the surplus 
winter waters, now lost by floods. 

Not only is the quantity, carried away at these periods 
in the surface channels, large, but in this case also as large 
breadths of water remain exposed for a. time on the sur&ce 
the loss by evaporation is very important. On such occa- 
sions the water overflows at intervals along the whole length 
of the marginal edge of the Lower Greensand at its junction 
with the Gault, and running down upon the surfo^e of the 
latter often helps to flood the valleys extending to the base 
of the chalk escarpment ; for these floods probably arise as 
much from this cause, as from an accumulation of surfoce 
drainage, merely on the impermeable beds of the Gault itself, 
or on the Lower Chalk marl. 

117. These calculations, although offered only as very general 
approximations, give results sufiiciently marked and decided, 
that even admitting the necessity of not inconsiderable cor- 
rections, I think they establish strong pvimd facie evidence in 
favour of the Upper and Lower Greensands beneath London 



• In speaking of any fell of the line of wateivleyel, I mean the transit for that 
distance of the water throughout the body of the strata, — not the variation in the 
exact surfece line, which does not move with equal freedom and does not give a well- 
defined outline. 
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containing iiiiusually large quantities of water, whieli, it will 
be shown further on (§ 14 and 15), may be rendered, without 
difificulty, available for the supply of the Metropolis by means 
of Artesian wells. What their yield might be could only be 
determined exactly by actual experiment ; but judging from 
analogy, if the Lower Tertiary sands, with dimensions compara- 
tively ao'iimited, can nevertheless furnish not less than 3,000,000 
to 4,000,000 gallons of water daily (and if, as is probable, 
they supplymuch of the water found in the upper beds of the 
chalk beneath London, their yield may amount to 8,000,000 or 
10,000,000), then I submit that there is a reasonable proba- 
bility, after allowing for the present over-drainage of the 
Tertiariea of the Upper Greeosand, — with an effective area 
and a thickness three times greater than those of the Lower 
Tertiariea,— yielding daily, and without diminution, &om 
6,000,000 to 10,000,000 gallons; and of the Lower Green- 
sand, — which exceeds by ten times the Lower Tertiariea 
In both these respects,* — yielding from 30,000,000 to 
40,000,000 gallons of water in the 24 hours, taken at about the 
surface level. This is more especially probable with regard to 
the Lower Greensand, when its extreme permeability in com- 
parison with that of the Lower Tertiary sands is considered, 
and would tend, with other causes, to give it an additional 
value beyond that which is here assumed. 

The height of the outcrop of the Greensand has also to be 
taken into account ; it is such that it would cause a much 
more rapid discharge of water at London than can be effected 
by the Tertiary sands (see § 15). 

* It IB also lo be oburred thnt probably none of the water paBsing into llie Qreen- 
■ands is lost by tcanafer to otber deposits, as both of these are confined between per- 
fectly impermeabla sliata ; WbcTsea there ran, I think, be little doubt that much of 
the wBttit fmm the Terttuy sands passes into the chalk. It is not impossible, hon- 
, that the prevure of the water in the chalk along the marginal edges of the 
iary sands may, in some places, .■md near the surfiwe, establish n flow of water 
from the former into Ihp Intler deposit. 
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with important results, for a clear fall* throughout the whole 
of the effective area (230 miles) of the Lower Greensand, 
even of 1 foot at the summit, lessening until it hecomes im- 
perceptible at the margin, of the curve, or of 6 inches uni- 
formly, would be equivalent to the disengagement of 7203 
million gallons of water, or to a supply of 50,000,000 of 
gallons daily, for a period of nearly five months, indepen- 
dently of any replenishing by rain. 

A rather greater fall in the water level at the end of the 
summer months than now occurs, being equivalent to an in- 
crease in the dimensions of the reservoir, would enable the 
water-bearing strata to receive and store much of the surplus 
winter waters, now lost by floods. 

Not only is the quantity, carried away at these periods 
in the surface channels, large, but in this case also as large 
breadths of water remain exposed for a. time on the surface 
the loss by evaporation is very important. On such occa- 
sions the water overflows at intervals along the whole length 
of the marginal edge of the Lower Greensand at its junction 
with the GbuH, and running down upon the surface of the 
latter often helps to flood the valleys extending to the base 
of the chalk escarpment ; for these floods probably arise as 
much from this cause, as from an accumulation of surface 
drainage, merely on the impermeable beds of the Gault itself, 
or on the Lower Chalk marl. 

117. These calculations, although offered only as very general 
approximations, give results sufficiently marked and decided, 
that even admitting the necessity of not inconsiderable cor- 
rections, I think they establish strong primd facie evidence in 
favour of the Upper and Lower Greensands beneath London 

* In speaking of any &11 of the line of wateivleyel, I mean the transit for that 
distance of the water throughout the body of the strata, — not the variation in the 
exact surface line, which does not move with equal freedom and does not give a well- 
defined outline. 
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containing unusually large quantities of water, which, it will 
be shown further on (§ 14 and 15), may be rendered, without 
difficulty, available for the supply of the Metropolis by means 
of Artesian wells. What their yield might be could only be 
determined exactly by actual experiment ; but judging from 
analogy, if the Lower Tertiary sands, with dimensions compara- 
tively solimited, can nevertheless furnish not less than 3,000,000 
to 4,000,000 gallons of water daily (and if, as is probable, 
they supply much of the water found in the upper beds of the 
chalk beneath London, their yield may amount to 8,000,000 or 
10,000,000), then I submit that there is a reasonable proba- 
bility, after allowing for the present over-drainage of the 
Tertiaries of the Upper Greensand, — with an effective area 
and a thickness three times greater than those of the Lower 
Tertiaries, — yielding daily, and without diminution, from 
6,000,000 to 10,000,000 gallons; and of the Lower Green- 
sand, — which exceeds by ten times the Lower Tertiaries 
in both these respects,* — yielding from 80,000,000 to 
40,000,000 gallons of water in the 24 hours, taken at about the 
surface level. This is more especially probable with regard to 
the Lower Greensand, when its extreme permeability in com- 
parison with that of the Lower Tertiary sands is considered, 
and would tend, with other causes, to give it an additional 
value beyond that which is here assumed. 

The height of the outcrop of the Greensand has also to be 
taken into account ; it is such that it would cause a much 
more rapid discharge of waiter at London than can be effected 
by the Tertiary sands (see § 15). 

♦ It is also to be observed that probably none of the water passing into the Green- 
sands is lost by transfer to other deposits, as both of these are confined between per- 
fectly impermeable strata ; whereas there can, I think, be little doubt that much of 
the water from the Tertiary sands passes into the chalk. It is not impossible, how- 
ever, that the pressure of the water in the chalk along the marginal edges of the 
Tertiary sands may, in some places, and near the surface, establish a flow of water 
from the former into the latter deposit. 
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v.— THEORETICAL CONSIDERATIONS. 



§ 13. Effect of Disturbances of the Strata on the subterranean 

passage of Water. 

118. I HAVE used the term "disturbances'*'' to signify not 
only faultSy or fractures of the strata, but also to indicate 
lines of flexure* or curve. There is, however, this (for our 
object) essential difference, that in the one case the disturbance 
breaks, whilst in the other it does not break, the continuity 
of the strata. 

The primary effects usually of disturbing forces is rather to 
bend and contort the strata ; and it is only as a secondary 
result, when the tension becomes sufficiently great that the 
disturbed mass is broken, and faults produced by the dis- 
jointed portions of the strata being forced to different levels. 
But the same difference of level may be equally caused, al- 
though not so suddenly, by the mere operation of the curves 
and flexures; and this I am convinced is the more ordi- 
nary form of disturbance exhibited in the strata around 
London (fig. 16). 

I particularly allude to this point because it materially af- 
fects both the underground transmission of water, and the 
thickness of the Chalk and Greensands. The main line of dis- 

• This term was, I find, used by Mr. Hopkins, of Cambridge, in his Paper ** On the 
Structure of the Wealden," as also the general term " lines of elevation." They ap- 
pear to me more correct and expressive of the true meaning than the term ** lines of 
feult.'* I would refer to this important paper of Mr. Hopkins for the description of 
the disturbances affecting the district adjacent to, as well as part o^ that described in 
these pages, and more especially for an inquiry into the theory of the phenomena ; he 
considers that a large proportion of the disturbances of the Wealden are lines of flexure 
and not true faults. Trans. Geo. Socl. Vol VII. p. 1, 1845. 
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^^M tnrbnnce is that forming tbe axis of the weald of Kent and 
^^H Surrey, — parallel to which, and therefore in a general east and 
^^^ west direction, we find, in receding from it, a succession of 
^^H descending curves, extending at intervals to the Tertiary dis- 
^^H trict. The principal ones arc represented in the Section No. 1 
^^H on the Map, but the scale is there almost too small to show 
^^M them clearly. Their general form is better seen in fig. 18, p. 

^^M These flexures of the strata generally run in long and 

^^M nearly straight lines, maintaining a near parallelism one with 

^^M the other, and are occasionally accompanied by faults, usu- 

^^^ ally of small size, and of limited range and extent ; they 

^^H are separated by zones, in whicli the strata remain nearly 

^^H horizontal. I hare marked the course of a few of these dis- 

^^m turbances on the Map. My abject is, however, rather to 

^^M show their approximate position, and to indicate by short 

^^H parallel lines the probable occasional breaks in the strata, 

^^H than to lay down any specific fracture. 

^^H The Brighton Railway traverses at right angles a series of 

^^H these cuiTes between New Gross and the Reigate station. 

^^M They commence at the New Cross cutting, with a flexure in 

^^M the strata, whereby the Lower Tertiary strata are brought to 

^^H the surface. The London clay then continues nearly hori- 

^^H zontal to Croydon, where, in the first cutting beyond the sta- 

^^H tion, the chalk rises to the surface by a rapid curve. Between 

^^H the tunnel and the Merstham station another curve brings up 

^^P the Upper Greensand and the Gaalt at an angle of 18° to 20°; 

^^ and in the same manner the lower beds of the Lower Green- 
sand crop out in tbe cutting at tbe junction of this line with 
I the Dover one. The strata in all the intermediate districts 
arc comparatively level, 
119. If we follow the curves along the lines of their coarse, 
or their strike (as it is termed by geologists), we shall find 
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them to vary very consideraLly in their angle and elevatio 
even within short distances. Thus one of the great lines of 
flexure running parallel with the escarpment of the North 
Downs, is shown at t/ in %. IS. It there tilts up. at a 
moderate angle, the Chalk, Upper Greensand, Gault, and the 
Lower Greensand, — its protruding eftects ceasing midway 
(taken transversely) in the latter, where the strata resume 
their nearly horizontal position until affected by another curve 
(e). This arrangement of the strata exists in the parallel of 
Nutfield and Bletchingley. If the disturbance had been 
stronger, or the resistance less, then the curve at y would 
have been greater, and the strata g naight have been brought 
to the surface in the valley at a', as they actually are at 
Pease Marsh, one mile south of Guildford. Westward of 
this town the same flexure tilts up the ridge of the Hogsback 
at a steep angle, while its easterly course is very apparent 
for some distance towards, and again beyond, Dorking. 
As these curves recede from the main axis of the weald, 
they appear to take larger and more easy sweeps. They are 
not always continuous, often subsiding where an adjacent 
one becomes more developed. Neither are they necessarily 
parallel, — there are several exceptions, although that is the 
prevailing rule. 

All the main lines of disturbani;e maintain this general east 
and west direction. The few which mn at right angles to 
them are small, and consist rather of actual iVactures and 
breaks of the strata than of flexures and curves. 

120, The disturbances which have been shown to exist i 
the Tertiary area, have of course affected the underlying fit 
condary deposits. Denudation, however, has removed a por- 
tion of the Lower Tertiary beds, raised by these disturbances 
above the general level of the surface ; and their continuity 
being thus in many instances broken, the passage of water, 
from one district to another, is often prevented (1 39 and 40). 
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But in the case of the deep-seated strata of the Upper 
and Lower G-reensiuidg, these disturbances would not mate- 
riaiiy interfere with the subterraueaa passage of water, in 
consequence of their mass being entire, and of their depth 
beneath the surface. For it is evident that, if the lower cre- 
taceous strata form a series of constantly descending cnrves, 
from their outcrop to a line drawn longitudinally through the 
centre of the Tertiary area, the crest of each ridge being 
lower than that of the preceding one, the hydrostatic pressure 
will force the water down each successive fall, and over the 
summit of each intermediate curve, — provided that in no 
case the summit of any of these curves rises to the level of the 
one which brhigs the strata to the surface. 

When, however, the strata are fractured and shifted, the 
transmission of water will be interrupted wherever the dif- 
ference of level produced by the fault exceeds the thickness of 
the water-bearing deposit, as may probably happen in the Up- 
per Greensand, along the line of the "north and south" line 
of disturbance of the Lea and the Bavensbourne. But when 
any part of the disjointed permeable strata remain in contact, 
the water-communication may, notwithstanding the fracture, 
etill be efficiently maintained. Thus the numerous email 
faults and fractures visible in the Tertiary strata at Lewis- 
ham, Deptford, and elsewhere in that neigbourhood, do not 
appear to be in any instance of sufficient magnitude to destroy 
the continuity of the thick Lower Greensand strata beneath 
those places. 

121. The causes, therefore, which tend to restrict the free 
passage of the water in the underground area of the Lower 
Tertiary sands, would be comparatively inoperative in the 
deeper seated and far thicker beds beneath the chalk, which 
may be practically considered as allowing, so far as faults 
are concerned, of the nearly free transmission of water. And 
as the subterranean strata of the Upper and Lower Glreen- 
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eand receive supplies of water by means of tlicir outcrops in 
various dit-ections, and all converging to that central area of 
greatest depth, which extends beneath London and the dis- 
trict a few miles westward, the water withdi-awn there would 
be replaced by an influx from all parts of the communicating'' 
circumference to this centre. 

Not that there would nece&?arily be in all these eases an 
equal, or perfectly free transmission, — but that, after allow- 
ing for all possible impediments, the probability is that, with 
a few local exceptions, the Greensands still remain sufficiently 
entire to allow of the passage of water, throughout the greater 
part of their subterranean range. 

122. It also further appears that the underground waters 
very commonly tend to take a course corresponding in a 
great measure with that of the waters above ground ; that 
streams and rivers may be considered as representing, in 
definite lines on the surface, a water-flow agreeing in its 
general direction with that which takes place, bodily, in the 
strata below, M. D'Archiac,* who has paid great attention 
to the subject of the water-bearing strata of the Tertiary and 
cretaceous series of France, confirms, as the result of his ex- 
perience, the rule laid down on perfectly independent grounds 
by the Ahh6 Paramelle, in his Observations on Springs, viz., 
"That the subterranean currents of water follow the same 
" law (with reference to their course), as those which flow on 
"the surface." 

This arises from the great physical features of the surface, 
having resulted i'rom the combined operations of elevation 
and denudation. It lias been mainly by the unequal and 
irregular action of elevation, when applied to large areas, 
that the chief water-sheds of any country have been de- 
termined. But at the same time these elevations must 
have similarly affected the strata beneath the surface, and 

• M^moircB cle In SociiHi Giolngique do France, Sad Set. torn. II. p. 13*. 
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have produced (where the superimposed Formations pre- 
sent a near conformability, and denudation is not exces- 
sive) a dip in the strata, corresponding in general inclination, 
although varying in its degree, with that of the surface of 
the ground above. Consequently, whether the rain falling on 
such a district be removed by the streams and rivers at the 
surface, or underground by absorption in some porous strata 
or by passing into the fissures or along the planes of strati- 
fication of others, still, in each case, the water would, when 
the above-mentioned conditions obtain, flow in the same 
general direction. 

Now an examination of the map will show that, in the 
Tertiary and Cretaceous district around London, the course 
of the streams and rivers is, almost always, from the 
circumference of that area, towards the central valley of 
the Thames. In the same way, therefore, as that river 
and its tributaries thus effect the surface drainage of this 
district, would the circulation of water in the subter- 
ranean range of the lower cretaceous strata probably tend 
to take a generally corresponding direction; and conse- 
quently London appears to be as advantageously situated, 
with respect to these large bodies of underground water, as 
it is with reference to its fine and capacious river on the 
surface. 
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§ 14. On the Thickness of the Chalk, and on the probable Depth 
beneath London of the Upper and Loicer Greensande. 

123. These are points on which we are entirely without 
positive evidence, and can only hope to determine approxi- 
mately by calculation on some geological data. 

The thickness of the Tertiary strata, at a immber of points 
in and around London, is well known ; but that of the under- 
lying chalk has not yet been proved. The greatest depth to 
which it has been here pierced is 300 feet. 

The dimensions of the challc in difTerent parts of tlie south 
of England are very variable, Mr. Phillips estimated it at 
820 feet thick at Dover ; Mr. Greenough at about 1300 feet 
in the Isle of Wight ; Mr. Conybeare as ranging between 
600 to 1000 feet; Sir Henry De la Beche at 700 feet; and 
Dr. Fitton at 800 feet on the Sussex coast.* 

If the stratification of the Tertiary strata were conformablef 
with that of the chalk, and we could ascertain the thickness 
of the latter at any one point, then we might expect to 
find it nearly the same in any district immediately adjacent. 
But although the want of conformability between these two 
formations is not very apparent, yet, when examined over a 
large extent of country, it evidently is not inconsiderable. 

The chalk has been traversed at two places in Norfolk, 
— at Mildenhal), where it was found to be 250 feet thick, 
and at Diss, 610 feet — but in neither of these localities is 
it fully developed. The upper beds are wanting, and 
there are no Tertiary strata near by which to judge of the 

• Fitton, Tnun. GaoL Soc. 3iid Ser. Vol. IV. p. 318. 

f Where the planca of bedding of the superimposed elrata ore pnniUol to eacli 
olher tbsy are said Co be co^ormahtc. 
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probable position of its nppcr snrface. At Safiron Walden, 
in Essex, we have, however, many of the conditions required, 
Tlie town is situated on a hill at a distance of twelve 
miles from the outcrop of the Upper Greensand and Gault, 
and only a few miles beyond the boundary of the Tertiary 
strata. A well was there carried to a depth of 1000 feet 
entirely through the chalk. The bore had reached the chalk 
marl, and consequently it is probable that the Upper 
Gtreensand would have been found within lees than 100 feet 
lower. 

124, Now the Tertiary beds set in on the hills east of Ma- 
nuden, eight miles to the south of Saffron Walden,* and on 
a level rather lower than the hill on which that town is 
situated. They are nearly horizontal, as also is the under- 
lying chalk. This latter continues so nearly to Saffron Wal- 
den, that, I believe, a slightly increased height of the hill 
would have brought in the Tertiaries; 100 feet would pro- 
bably more than have sufficed for this object. This would 
make the full thickness of the chalk in this district as much 
as from 1100 to 1200 feet. If no denudation of the chalk 
had taken place prior to the deposition of the Tertiary 
strata, its thickness at London might have been as great 
as this. But there is sufficient evidence to prove, that 
throughout the whole of the district to the south of Saffron 
Waldeu, the surface of the clialk was considerably denuded 
and worn down before the accumulation of the Lower 
Tertiaries upon it. 

At various points along the highest summits of the North 
Downs in Surrey, there exist small and thin patches of the 
Tertiary strata in situ. Amongst them those on White Hill, 
Tupwood Hill, and Tandridge Hill near Godstone, on Denhy 
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Hill near Dorking, and a few others, extend to the very edge 
of the chalk escarpment, overlooking the valley of the Weald. 
Therefore, as the Upper Greensand crops out on the slope of 
this same escarpment, the structure is one which admits of 
direct measurement of its different parts (Fig. 18). 

The dip of the strata at the first three places is not 
more than o** to 6** northward, and the slope of the escarp- 
ment is very steep. I selected these points, therefore, to 
make a rough calculation of the thickness of the chalk by 
observations with the aneroid barometer.* I had expected 
to find it in much diminished importance, but scarcely to the 
extent which the observations indicate. It would appear 
from them, that there are places in the range of hills above 
Godstone, where the entire mass of the chalk, taken from the 
base of the Tertiary strata to the top of the Upper Green- 
sand, is less than 300 feet thick. 

From these and other general observations I am also in- 
duced to believe that the thickness of the chalk along the 

* The following are the measurements given by this instroment : — (the distance 
from 1 to 3 is about three miles) 

Thickness of the chalk. 

VBBT. 

1. Tandridge Hill ... . . 260 

2. Tupwood Hill, immediately over the Godstone firestone quarries 234 

3. Between White Hill and Plat Green Hill . . . 242 

Some allowance must, however, be made for the dip of the strata in the distance, 
although short, between the edge of the Upper Greensand and that of the Tertiaries. 
At White Hill it may be necessary, on this account, to add 60 to 70 feet, 
probably not quite so much at Tupwood HDl, and about 100 feet at Tandridge Hill. 
White Hill was the only place which admitted of rough measurement by line ; but 
even there the slope, although of difficult ascent, was not rapid enough to truncate 
the beds at right angles to the plane of stratification, as would be necessary for their 
exact measurement. From the outcrop of the Upper Greensand to within about 20 
feet of the summit level, gave 380 feet ; to this, 40 feet for a long gradual slope, 
have to be added, — together 420 feet. This measurement, being made at an angle 
several degrees removed from a right angle to the dip, is probably as much too great 
as that made by the barometer is too little, on account of the two points of observa- 
tion not being sufficiently perpendicular one to the other. Allowing for the correc- 
tions necessary m each case, these calculations would nearly agree. 
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line of escarpment, between that part of it iiurtli of Seven 
Oaks and Reigate, does not exceed 300 to 400 feet. As it 
ranges westward it appears to expand gradually. 

At Denby Hill, near Dorking, a well was sunk on tbe sum- 
mit of tbe escarpment. It first traversed 26 feet of Tertiary 
strata ; below this the work was continued through chalk 
with flints, and then for some way into the chalk without 
flints, to a depth of 370 feet. The chalk here dips more 
rapidly northward, and its thickness may probably be about 
400 to 450 feet. 

It must not be supposed that the chalk has had the 
Tertiaries spread over it anbsequently to the elevation or tilt- 
ing up of the North Downs, and that the nncouformability is 
greater there than elsewhere ; for there is abundant proof at 
various places along the boundary line of the Tertiary strata 
and the chalk, of the disturbance having affected the one for- 
mation equally with the other ; both constantly having the 
same dip northward, which is frequently very rapid. 

The most numerous sections of the chalk are exposed in [tits 
on the slope of its escarpment, and again on a line bordering 
the Tertiary district. At these two points the dip of the 
beds is aln'ays at an angle varying from 6" to 60° northward. 
This agreement of the two extremes has led to the inference 
of a continuous rise of the chalk over the intermediate area, 
and consequently that its thickness within the Tertiary area 
must be very considerable. But we have shown at If II 8 and 1 1 9 
that, although at its escarpment the dip is often rapid, the 
strata speedily resume a nearly horizontal position, and thence 
range in gentle undulations until by another flexure they 
disappear beneath the main body of the Tertiaries.* If, 
therefore, tliis form of structure be correct, and the expan- 
sion of the chalk between Godstone and Croydon be attribu- 



• Over the broad belt of the chalk, outliers of Tertiary si 
lervali, OB at Ileadley-on-tho-Hill, Walton, WonnB Heath, ; 
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table to the prolonged level of the same beds, rather than to 
the successive setting in of additional ones on its upper 
surface and the gradual thickening of the whole mass in its 
range towards London, then the same or nearly the same 
thickness might be maintained over all this area. The well 
sections tend to confirm tliis view, for the chalk marl seems 
to occur throughout this district at nearly the same level below 
the surface. At Wood farm, on the hills three miles north of 
Merstham, the chalk was traversed to a depth of 400 feet, 
when the chalk marl apparently was reached ; and again at 
the same depth at Wa!ton-on- the -Hill (which is partially 
capped by Tertiary strata). The same fact was noticed in 
the deep wells at the following places in this chalk dis- 
trict,* 

Effingham, three miles westwnrd of Leatherhead . 397 

Cndham. between Bmmley and Westerhamt . . 394 

Coulidcn, betneen Croydon and QodeteneJ: . , 40(3 

Addiuglon Lodge, nearCmjdonJ . . .365 

Ashurat Lodge, bctireen Hendley-on -the- Hill and Boxhill 3S7 
Puleden, an the bills three miles northward from DorkingH 509 

1 25. The outliers of the Tertiary strata, in the midst of the 
chalk district, being, there can be little doubt, the remaining 
portions of beds originally continuous with the main mass of 
the Tertiariea, indicate that the elevation of the North Downs 
has taken place subsequently to the deposition of the lower 
beds, at all events, of these deposits. At the commencement 
of the Tertiary period, therefore, the surface of the chalk 
downs probably formed a nearly level plane from the summit 
of their escarpment in Surrey to the summit level of the hills 
in Hertfordshire and Cambridgeshire. Not that the Tertiaries 

* Theae aectiona nlso Bhow how deep the water level lies in these diilricta. 
t The latter part of ihia well traversed liallt with iron pyrites (lower dulk). 
J Thelast 100 feet llirough chalk without flints (lower ehftlk). 
g This Bt.inda on lower ground than the others. 

II There is lome reason lo believe that this well and the one at Aihunt reach tlio 
upper gretmsand. 
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scooped oat for themselves a trough Buch ns tliiit in which 
they nov appear : but, that the chalk not having thou boon 
r^sed to its present eteratiou on either side of the 'IVrtiHry 
district, the surface of the liills beyond Croydon and E|)iiom, 
and that of those around Satfron VValden, fornii^d n k'Vol 
mriace continuous with that of the chaik now hiuioBlh 
London ;* and originally the chalk may have Ix'dii of iionrly 
the same important thickness throughout this range of 
country, as it is at Saffron Walden. 

The upper part of this formation liaving been ninnlly 
distinguished by the presence of layers tif llintu, the ocenr- 
rence of such layers, and the height of the hills, have cauaod 
the chalk around London to be referred to th« upper cimlk; 
and the thickness of the formation in the few plaucH wheru it 
admits of measurement (as in the cliffs of tlio Isle of Wi)(ht, 
and of Dover, and Beachey Head partially), bciuff vory 
considerable, an impression has prevnited that its dimen- 
sions at London partake of somewhat simllur magtiitudo. 
But in Suffolk and Norfolk the upper part of tint chalk in, 
like the lower part, nearly destitute of flints. This ]H)rtioii 
of it I believe to have been denuded at London, niid ronso- 
qnently that the thickness of the mass has been hero much 
diminisbed.'f' This may have arisen from a greater rcliitivo 

■ The Eocene, or older Tcrtinry tea, Bitending, In Tiict, tniilliiiiniwly aitt 
the whole of those dialtictB. 

t That iberewere great vnriBliDni in the tbickneii afthe chalk bttuni thn TvrlUry 
■ttata w»n drpouled upon it, ii proved in the fallowing initnncot at plncoi, where, 
owing to tliBpreMncaofTerliiirybedgiiboie,and otOreoniandt uid older Iwdi below, 
its actual total thickneaa in those dialrictt of Frnoce hu been clouly detanniued. 

Parii . . 1394 Condf, neu Volendennei . 287 

Calais ... ;g3 I LiUe . . .IBS 

At Culver CUff in the Isle of Wight, Dr. Fitlon consider! the diitance between llie 
Tertiary strata and the Upper Greensand to be abuut 1 300 feet. Mr. Keele (May, 
IS£0) inferma me tbut at the Artesiuii well ut Southampton they have now bond 
through 815 feet of thalk (here alao overlaid by Tertiary BlraU) willioul having 
penetialed It. 
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elevation of the bed of the sea to the south, at the con- 
clusion of the cretaceous period, in consequence of which 
the early Tertiary seas planed down its more exposed and ele- 
vated surface ; and thus the upper beds of the chalk, which to 
the northward, owing to their greater depth from the surface, 
escaped this denudation, may have been removed by it in 
proportion as they trended southward. Hence there would 
result a gradual decrease in the thickness of the chalk as 
it ranges from north to south.* 

126. We are thus furnished, presuming the rate of this 
variation to be tolerably regular, with the means of forming 
some estimate, which will probably be not far from the truth, 
of the thickness of the chalk beneath London. For if its 
thickness can be determined at any place to the northward, 
and again at one to the southward, of London, then the 
thickness of the chalk at any point on a line drawn between 
these places will probably be a mean, dependent upon the 
relative distance of that point from either extremity. Irre- 
gularities doubtlessly exist, for which, as they cannot be de- 
termined except by actual examination, some allowance 
must be made. 

The probable thickness of the chalk at Saffron Walden, 
and at several places at the edge of the chalk escarpment in 
Surrey, has already been alluded to ; it is necessary, however, 
to have a few more points on the north of London to guide 
our further inquiry. 

Luton. — Near Ware, the river Lea is about 90 feet above 
Trinity high-water level at London, and at Hatfield about 
230, being a rise of 140 feet in a distance of 9^ miles. From 
Hatfield to Luton the course of the river is about twelve miles, 
which, assuming the rise of the ground to continue nearly 

* This unequal denudation may Berve to explain some paloiontological difficulties 
which exist respecting the synchronism of different parts of the Upper chalk ; and at 
the same time those apparent anomalies will, I believe, be found to corroborate this 
hypothesis. 
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same, would give 176 feet; consequently, Luton is pro- 
haUy about 380 to 400 feet above Trinity liigh-water mark. 
The hill at Zouches Farm, between Luton and Dunstable, is 
feet above that level. The hills nearer to Luton appear 
rather lower, say 800 feet, and are capped thinly with Tertiary 
strata. This makes the height of the chalk, above the level 
of Luton, 400 to 450 feet, and as the well sunk in that town 
apparently reached the Upper Greensand at a depth of 475 
feet, the total thickness of the chalk at Luton is probably 
about 900 feet. 

The chalk escarpment above Wendover attains a height 
of nearly 900 feet above Trinity higb-water mark, whilst 
the Upper Greensand crops oat in the valley two to three 
miles to the north, at an elevation of about 400 feet. 
The difference arising from the dip of the beds, which 
is here very trifling, can hardly be more than 300 feet ; 
and therefore the chalk at Wendover may be about 800 feet 
thick. 

Again, Nettlebed Hill, between Henley- upon-Thames and 
Thame, is 800 feet above Trinity high-water mark. It Is 
capped by 35 feet of Tertiary strata, and the Upper Green- 
sand crops out at the foot of the chalk escarpment, a few 
miles to the north, and at an elevation of about 300 feet. Here, 
as at Wendover, the data are hardly sufiicient — the thickness 
of the chalk may, however, possibly be about 700 to 800 
feet.* 

The table in p. 142 exhibits the conclusions which we may 
draw from these data. 

Tbe average of the last three numbers in that table, taken 
as a mean for London, gives exactly 600 feet. There appear, 

* Mr. R. Mybie infanuB me tliBt at Stonmore, n^nr Watfr>rd, h wuII has been 
SotBd to the dejitb of 3fl6 fcet in the clialk, ouJ that the lowest beds roDsist of iba 
dark grey chalk tnarl. At Woolwich kIsu the chalk has been penetrated to a depth 
of about 600 feet. In this latter direction 1 believe the chalk to increase in 
thickness. 
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therefore, to be reasonable grounds for supposing that the chalk 
under London is not more than from 600 to 660 feet thick.* 



Names of places at the extremities 
of the lines. 



N. Nettlebed, Oxon 

S. Knockholt, Kent 

N. Wendover, Bucks 

S. Tit8eyHill,Limpsfield,Kent 

N. Luton, Beds 

S. Tandridge Hill, Surrey .... 

N. Saffiron Walden, Herts. . . . 
S. Merstham^ Surrey 

N. Saffron Walden 

S. Tupwood Hill, Godstone. . . 



Dist. from 
^hese extre- 
mities to the 
intermediate 
place. 



MILBS. 

31 
20 

31 
14 

27 
18 

39 
15 

40 
13 



Thickness of 
the chalk at 
the extremi- 
ties. 



VBBT. 

750 ( 
450 S 

800 
450 

900 } 

380 S 

1200 

350 

J 200 
300 



Names of the intermediate 
place. 



Kingston 



Wimbledon Common,, 

dotting Hill, London . 

Deptford 

Stratfordy Essex . . • , 



Probable 
thickness of 
the chalk at 
this interme- 
diate point. 



VSBT. 

600 
585 
600 
590 
610 



S. South of London. 



N. North of London. 



Assuming this estimate to be correct, then the approximate 
depth to the Lower Greensand at or near London can easily 
be calculated. For if we take the Tertiary strata at an 
average thickness of 200 feet, the following measurements 
will probably be near to the truth : — 



TerHaries 

Chalk 

Upper Oreenscmd 

GauU 



Thickness. Depth. 

VSBT. VSBT. 

200 

650 850 

40 
160 1040 



It therefore appears probable that the Upper Greensand 
might be reached at a depth of from 800 to 900 feet, and 
the Lower Greensand at a depth not exceeding 1000 to 
1100 feet beneath London. 

* Or as I haye given rather extreme numbers in the third column, the probable 
thickness may be estimated at between 500 and 600 feet. The greatest depth to 
which the chalk has been pierced at London is 300 feet 
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I 5 15. On the Height to which the Water from the Upper and 
Lower Greensattds would probably rise at London. 



127. This point depends upon the elevation of the line of out- 
crop of the water-bearing strata above the level of the ground 
at London. As the general aurface of the country rises gradu- 
ally around London both to the north aud south, and also, 
but less rapidly, to the west, the outcrops of the Lower 
Tertiaries, Upper Greenaand, aud Lower Greensand, which 
take place in those directions, are on levels necessarily 
higher. 

If the outcropping surfaces of any of these deposits always 
kept the same level, and the flow of water in their under- 
ground mass were perfectly unimpeded, we could calculate 
exactly the height to which the water would rise above the 
ground at London in a tube driven through the intervenujg 
and overlying strata into the water-bearing beds beneath, 
— for it would be nearly to that of the outcrop of these beds 
themselves. Bnt this exposed surface, far from presenting 
an uniform level, exhibits great irregularities ; it forms a zone 
maintaining on the whole a considerable elevation above the 
Thames at London, but in which occasional depressions, 
caused by transverse valleys, occur. 

128. The following list shows the approximate height of 
the surface in the different geological tracts, keeping as far as 
possible to the lowest levels of the country, and within the 
boundary of the effective area of the several deposits. They 
are taken chiefly from Bradshaw's " Maps of Canals and 
Rivers," and from the difi'erent railway levels. Tbey are all 
reduced to the same standard ; viz., that of Trinity high- 
water mark at London Bridge (note p. 38). These heights 



144 



PROBABLE HEIGHT TO WHICH 



may not always be quite correct, as several of the original 
ones were not taken on the exact geological spot required, 
and in those cases they are merely estimated. 



Lower Tertiary Strata. 



South of a line passing through London. 



North of a lino passing through London. 







Fjurr. 




nan- 


Deptford . 


• 





Between Blackwall and Bow . 





Croydon 


« 


130 


Hoddesdon, valley of the Lea 


80 


Carshalton . 


• 


80? 


Hertford, S. of . 


200? 


Ewell 


• 


80? 


Hatfield, S. of . 


240? 


Epsom 


• 


110 


Watford ... 


170 


Leatherhead 


• 


90 


Uxbridge . 


100 


Guildford* . 


• 


9Q 


Maidenhead, S. of 


60 






Upper Greetuand, 




Oodstone, N. of 




450? 


Near Cambridge 


30? 


Merstham . 


• 


360 


Three miles N. of Hitchin . 


135 


Betchworth, N. of 




210 


Near Dunstable 


400? 


Dorking, River Mole 


• 


110 


Two miles N. of Tring 


320? 


Deer Leap, Wotton • 




270 


Risboroughy N. of • 


300? 


Guildford, River Wey 


• 


100 


Wallingford 


140 


Famham 




220? 


Wantage . 


260 


Burbage • 


• 


440 


Two miles £. of Calne . 


350? 


Devizes 




400 
Lower Ch 


reetuatid. 




Maidstone, R. Medway 


• 


2 


Cambridge, N.W. of 


20? 


River Darcnt, N. of Seven Oaks 


220 


Biggleswade 


120 


Westerham, Kent . 


• 


280? 


Wobum 


350? 


Oxted, near Godstone . 


• 


360? 


Leighton Buzzard . 


270 


Merstham, S. of 


• 


250 


Aylesbury, E. of 


340 


Reigate 


• 


270 


Abingdon, E. of . 


IfiOPt 


Dorking 


• 


120 






Shiere . 


• 


250 






Guildford, S. of . 


• 


100 






Famham « • 


• 


190 






In the two Greensands, the places are 


in regular succession from east to v, 


est. 



• Further westward, and beyond the boundary of the effective area, the valley 
levels of the Lower Tertiarics attain the following heights : — Old Basing, 254 feet ; 
Newbury, 236 feet ; Sonning near Reading, 120 feet. 

t The Lower Greensand, one mile west of Devizes, is at a height of only about 
180 feet. 
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The relative average levels of the outcrop of the different 

water-bearing deposits are, therefore, as follows — 

Sonth of LondDn. North of Londun. 

Lower Tertiarj Btrau , . H4 113 

Upper Grorasand , . 2B4 S42 

Lower GcoenBand . . 204 310 

129. The mean surface planes of the several formations, 
I taken in the direction of their range and at their lowest levels 
I in the several districts they traverse, form curves of con- 
siderable irregularity. This is owing, in great part, to their 
intersection at intervals by river courses, at which points the 
curves reach their lowest depression ; while between them 
the country rises, aud the curves attain their higher eleva- 
tion. These breaks are frequent south of London, but on 
the north the curves are longer and less deeply indented. 

With regard to the height at which water stands at the ex- 
posed outcrop of the several water-bearing deposits ; — if it 
moved freely, and without impediment, through the strata, 
'ould naturally fall speedily to the level where the outcrop 
was lowest. But the resistance caused by friction and capillary 
attraction so greatly retards the horizontal passage of the 
tipper layers of the water, that, although necessarily always 
[ seeking to find its lowest level, it tends, owing to these 
I causes, to accumulate above that level in the interior of the 
\ bills and rising grounds (see fig. 18). This continues until 
[ the water reaches such a height above the adjacent valleys, 
that the increasing pressure it exercises counterbalances the 
resisting forces, and then any further addition displaces an 
equal quantity of the water already accumulated, forcing it 
out as springs over the lowest marginal edges of the outcrop. 

tConsequently, as the resistance depends upon the distance 
the water will have to travel and the lithological character 
of the strata, so, in proportion to the height and distance of 
any part of their surface above and from the km-est levels 
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of the Bame districts, will the water-line be placed on .1 
higher level. Mr. Hopkins, of Canibridge, has suggested to 
me, that the resistance caused by the texture of the sands is 
of that nature, that the flow of water through them may, in 
fact, be compared to the flow of a viscid fluid whose cohe- 
sion varies according to the lithological character of the 
strata. On this view of the anbject, the diiference of level 
in the water-line at the outcrop of the strata will be more 
readily understood. 

130. In the valley of the river Medway, at Maidstone, the 
water in the Lower Greensand stands at nearly about the 
level of Trinity high-water mark at London : but in con- 
tinuing along the range of the exposed outcrop to the west- 
ward of Maidstone, the line of water level in the strata is 
found to rise to a certain extent with the general rise of the 
surface, attaining probably an elevation of about 240 or 250 
feet. The transverse valley of the Darent again lowers this 
line to a point nearly coincident with the level of the valley — 
there about 220 feet above the Thames at London. Pro- 
ceeding further westward, and keeping to the valleys, the 
following are the approximate highest and lowest levels at 
which the water stands in the Lower Greensand: — Westerham 
220 feet, Merstham 200 feet, Reigate 250 feet, Dorking 120 
feet, Shiere 230 feet, Guildford 100 feet, Farnham 180 feet; 
then crossing over to the zone of northern outcrop and pro- 
ceeding eastward: Abingdon 130 feet, Leighton Buzzard 260 
feet, Hincksworth, near Baldock, 120 feet, and at Cambridge 
the level of the water again descends to about that of Trinity 
high-water mark at London. 

In the same way with the Upper Greensand the line of 
water level is about 250 feet high at Merstham, 200 feet at 
Betchworth, 100 feet at Dorking, 320 feet at Devizes, 120 
feet at WalHngford, 330 feet at Tring, nearly 400 feet at 
Luton, and 120 feet to the north of Hitchin.^^ 
* Tbeie numbers are only genarnt. 
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131. Tliis being the coudit!on of the water in the etrata at 
the surface, we have now to consider what the effect of this 
variable height of the line of water level will be on the water 
in those portions of them which pass underground beneath 
the Tertiary area. We know that the water in the Lower 
Greensand to the north of Seven Oaka stands pennanentjy 
about 200 feet above the level which it has in the same deposit 
in the valley of the Medway, distant about twelve miles ; that 
it rises to about 250 feet at Beigate, and only to 120 at 
Dorking. Again at Leighton the line of water-level is con- 
stantly maintained at about 250 feet above London, notwith- 
Btanding that the water can escape at Biggleswade at a 
level of 120 feet, and northward of Cambridge at about 
20 feet.* But although the friction caused by the fineness 
of the sands impedes to such an extent the flow of the water 
as to prevent it from falling to the lowest levels of the out- 
crop, neutralizing in fact much of the lateral pressure — yet 
nevertheless the vertical pressure of the water, thus accumu- 
lated above the level of many of the surface- vents, must 
remain and exert a force on the mass of water in the sub- 
terranean strata, proportionate to the height of the water- 
level in the strata at their outcrop. For let us suppose 
that the water, which in the Lower Greensand at Maidstone 
and Canibridge is at about the level of London Trinity high- 
water-mark, stood also at the same height at Westerbam, 
Keigate, Leighton, and in fact in all parts of its outcrop 
around London; it would follow, in such a case, that the 
pressure from all sides on the water in the central deep-seated 
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beds being perfectly equal, the water would everywhere tend 
to rise to the same uniform level as that of the outcrop. 
But as, on the contrary, there is superadded, to this equal 
common base, volumes of water, the sections of which form 
segments of circles, rising to a height of 220 feet at Wester- 
ham, 250 feet at Reigate, 120 feet at Dorking, 250 feet 
at Leighton, and 100 feet at Biggleswade, it is evident that 
they must exercise an additional pressure, in the ratio of their 
height, upon the water in the central deep-seated strata. 

It will therefore follow that the water in the several por- 
tions of the outcrop of the water-bearing strata, which are at 
different elevations, must be considered as so many separate 
bodies of different height and variable pressure ; and conse- 
quently, if the superincumbent mass of impermeable strata 
be bored through at any place within the central area around 
London, the water would tend to rise to a height dependent 
upon the mean pressure of these several columns. 

132. At London the water supply from the Lower Tertiary 
Sands is no longer in its normal condition, and therefore 
does not give correct data. The wells at Garrett and Waltham 
Abbey afford better, but still very limited, evidence, of the 
height to which the water from deep-seated water-bearing 
strata will rise. The surface of the ground at the former 
place is about 30 feet above Trinity high-water mark, and the 
general height of the outcrop of the Tertiary Sands, around 
Garshalton, is probably about 80 feet, being a difference of 
about 50 feet. The distance from the village to the line of out- 
crop is five miles. If we take the rise of the water, before the 
wells became so numerous, to have been about 25 feet above 
the surface,* then there will be a difference of 25 feet between 
the level to which the water rises from the Lower Sands and 
the level of these beds at their outcrop, or equal to a fall of 

* I doubt whether it would be yery much less even now in a fresh opened well. 
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5 feet per mile. At Waitliam Abbey, allowing tbe rise of 
the water to have been 5 feet above the surface, — the di«- 
tance to the outcrop of the sands being 5 miles, the height 
of tbe ground at that town about 55 feet, and at the out- 
crop, higher op the valley, 80 feet above the Thames, or a 
difference of 25 feet, — we have in this case for the same 
distance a difference of 20 feet, or a fall of about 4 feet per 
mile in the water-level. * (See §4.) 

The best point of comparison is, however, furnished by the 
well of Grenelle, The surface of the ground at this part of 
Paris is 102 feet above the level of the sea, and is distant 
about 100 miles from the outcrop of the water-supi>Iying 
strata both to the eastward and westward of Paris. To the 
eastward, the height of the zone of ootcrop appears to average 
about 400 feet above the level of the sea, or 298 above that 
of Paris, while westward it descends, between Eouen, Havre, 
and Caen, nearly to the level of tbe sea. Now the water at 
the well of Grenelle rises 1 20 feet above the surface of the 
ground ; consequently the difference of the height to wluch it 
reaches and that of the outcrop east of Paris, ia only 178 
feetj-f* or equal to a fall in the water-level of less than 2 
feet per mile, J 

133. But the delivery of water, when liberated by means 
of Artesian wells, depends not only upon the lithological 
character, but also on the volume of the strata; for it is 
evident, if a supply of 20 gallons of water per minute be 

at these w«lls is naturally very niucli leu thnn those at 



" The delivery of 
GuTett. 

t The Rev. Mr. Clutlerbuck has observed thnl a 
I the Lower Oreeasond at Luaigny to the sea, passes o 
' Tieight In which the Grenelle water rises above tlio 
probably are mean points (see Appendix A). 

t In the Artesian wells in (he Tertiary strata at Parii the water only rise 
within a few feet below the suriace, or less thiui 150 feet of the height to w1 
Ills water from the Oreeasands attnics. At Anct, fourteen miles emitwiird of Pi 
the water rises 33 fael above the ground, or 174 above the level of the sea. 
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obtained from a stratum 10 feet thick, that, were the thick- 
ness less (the texture remaining the same), in order to procure 
the same quantity in the same time, the water wonld have 
to flow with greater rapidity tluough its subterranean chan- 
nels, to compensate for the diminution in their size ; tut this 
could only be accomplished by a greater drainage, and a more 
speedy exhaustion of the strata. Inversely, if the thickness 
of the water-bearing strata be increased, then also will the 
quantity of water, which they can transmit in a given time, 
be larger. Or, as more exactly expressed by Mr. Hopkins, 
" if we take a vertical section of two strata perpendicular 
to the course of the water flowing through them, then, if the 
velocity of the water in each case be the same, the quantity 
passing through them will be proportional to their areas." 
Now the Tertiary Sands do not average more than 20 feet 
in thickness, whereas the Lower Greensand may be taken at 
200 feet.* A given section of these latter could therefore 
transmit 2000 gallons of water, in the time that only 200 
passed through the former ; but in fact not only are these 
strata thus much thicker, but they are also far more permeable. 
In this reasoning I am assuming, that the areas of outcrop are, 
cateris paribus, in the same ratio as these areas of vertical 
sections. But although this is necessary to maintain a pro- 
portional supply, it does not follow that equal areas of outcrop 
will transmit equal underground supplies Jn strata of difiereut 
thickness, for that would necessitate variable velocities, which, 
the other conditions being equal, could not exist, 

134. Further, as the water can move freely in all directions 
through loose arenaceous strata, and as a cubic foot of sand 
will hold on an average 2 gallons of water, it follows that, 
in a deposit 200 feet thick, a cube of that depth will con- 
tain 8,000,000 gallons of water. Taking, however, only half 
that quantity, and supposing, which is really the case, that 
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as the water ig delivered on one side, it ia replaced ou the 
other, — then a supply of 4,000,000 gallons would be effected 
by the body of water, contaiued ia this mass of strata, 
flowing forward 200 feet. This quantity would be replaced 
by a fall in the water level of less than one inch over one 
ai|uare mile of the strata at their outcrop ; or a fall of —"■ 
inch over the whole effective area (230 square miles) of the 
Lower Greeusaod would meet a delivery of 50,000,000 gallons 
in the central area at London, The movement, therefore, of 
the water through the mass of the strata, to effetit so large a 
delivery even as this, would be so extremely slow, that, con- 
sidering the gravity of the fluid, the friction would hardly 
have any influence ; — the water would only acquire a percept- 
ible velocity as it approached the points of discharge. The 
rapidity of the subterranean current would consequently be a 
measure between the extent of contributiug surface, the thick- 
ness and depth of the strata on the one side, and the quantity 
of water abstracted and the size of the point of delivery on the 
other; — its motion wonld increase gradually from the surface 
downwards. The resistance attendant upon this acceleration 
is met by the increased hydrostatic pressure in the deep-seated 
ijtrata, which at a depth of 1000 feet is such as to make per- 
fectly easy, where a free escape is afforded to the water by 
means of Artesian wells, a delivery which, near the surtace, 
the resistance of the sands would render impracticable. 

135. With regard to the Upper Greensand, although it is 
of considerable thickness in Wiltshire and Berkshire, yet it 
diminishes in thickness as it approaches London ; whilst at 
the same time the sands almost thin out, and the harder beds 
of sandstone alone remain. Therefore, the water would pro- 
bably reach London principally through fissures in the rock, 
of which the dimensions and number arc uncertain. If they 
sliould not be sufficiently capacious, then the flow of the 
water might be considerably obstructed, and the advantage 
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to be gained from the high level of its outcrop in a measure 
lost ; otherwise they would form a convenient frame- work to 
receive the water collected and transmitted by the associated 
beds of sands, and would facilitate its delivery. 

136. Taking all these considerations into account, and pro- 
vided that no faults intervene to break entirely the continuity 
of the strata,* the probability is, that the waters, both from the 
Upper and Lower Greensands beneath London, would rise 
considerably above the surface of the ground, if set free by 
means of Artesian wells. 

To determine approximately the height to which the water 
would ascend, it may be compared to the flow of a river of 
which the summit levels are formed by the margin of the 
outcropping strata, and its point of discharge placed on the 
opposite side at the part where the outcrop was lowest. But 
in the case of the Upper and Lower Greensands there is no 
definite single point we can fix on. I have therefore taken, as 
the base of a very general calculation, two points — ^the one the 
lowest in the northern zone of outcrop, and the other the 
lowest on the southern ; the former in the neighbourhood of 
Cambridge, and the latter, of Maidstone. To each of these 
points I consider the water as flowing from the whole length 
respectively of each opposite zone of outcrop westward of these 
parallels :—K)r we may draw (second plan), according to the 
suggestion of Mr. Hopkins, as probably more correct in prin- 
ciple, lines from every point of the water-level along the 
outcrop, to points at the level of the sea along the coast. 
On either of these plans we have a series of inclined planes 
passing over the neighbourhood of London, and if we take the 
mean of them within that area, they may afibrd some measure 
of the height to which the water from the underground strata 

* Or by fissuring the strata, to allow of an escape of water to the surface, which 
would lower the level to which the water would otherwise rise in the more central 
area. By such fissures also passing downward, the communication between dis- 
jointed strata might in some measure be kept up. 
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would probably rise above Trinity high-water-mark at Lon- 
don. I find the second mode of calculation glyes results 
agreeing remarkably with the first. I annex them both. 

Biae of Water. lit Plan* 2^ Plan. 

From the Upper Greensand .... about 130 136 feet. 
„ Lower Greensand .... y, 120 122 ^ 

If, however, there should be any impediment to the under- 
ground flow of water in the Upper Greensand to the east- 
ward of London, which is not improbable, then, as the point of 
lowest level at Maidstone would be shut out, the rise of the 
water from this formation might be considerably higher — as 
much probably as 150 to 160 feet above the level of the 

Thames. 

Upon the height to which the jets were carried, would the 
quantity of water supplied by these strata be regulated. 



§ 16. On the probable Quality of the Water in the deep-seated 
Beds of the Upper and Lower Greensands.* 

137. Although this is a question on which it is not pos- 
sible to speak with any certainty, yet, in the absence of 
direct evidence, there are some general indications afforded 
by the chemical composition of the several formations, and by 
the nature of the surface waters, which may assist us in a 
theoretical inquiry into the probable qualities of these sub- 
terranean waters. 

It by no means necessarily follows that because the waters 
at the surface of any deposit are pure and good that they 
should prove to be so at great depths in the strata ; neither 
can it be inferred that because they were indifferent at the 
surface, that they should continue defective in the deeper- 

* For an account of the waters of the Lower Tertiary sands and the chalk, see 
Appendix C. 
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seated strata ; for many of the chemical changes which take 
place at or near the surface, are brought about hj agencies 
which cannot operate at great depths, where again other con- 
ditions of pressure and temperature produce results different 
from those which would obtain superficially. 

In the case before us we shall endeavour to show, however, 
that the surface action is most likely to produce limited and 
local alterations, which do not extend far, or would be cor- 
rected, in the passage downwards of the water; and also, that 
if the water at the surface be good, it probably is not injured 
by its transmission underground. 

Notwithstanding the solvent power of water generally, not 
only are limits placed to the extent of saline saturation, but 
also, for purposes equally wise, does this very power, by its 
universality, — whereby salts, of which a large number are in- 
compatible, are brought together in the same fluid, — promote 
the decomposition and precipitation of a large proportion of 
the whole, and is productive, therefore, of a constant tendency 
to restore the water to a degree of purity fitting it for the 
uses of man. 

^ 138. The source of all fresh water is rain. It reaches the 
surface of the ground free, as a general rule, from all saline 
ingredients, but containing atmospheric air and a small quan- 
tity of carbonic acid gas.* Humboldt and Gay Lussac-f" have 
shown that the quantity thus held in solution equals about 
^^ of the volume of the water, and that the proportion of 
the oxygen to the nitrogen, instead of being as 21 to 79, 
the proportions in atmospheric air, is as 31 to 69. 

Now the rain on arriving at the surface comes into contact 
with the soil containing vegetable matter in a state of decay ; 
the oxygen in the water tends therefore to unite with this 
organic matter, and to form carbonic acid gas, which remains 

* And, according to Liebig, almost imperceptible traces of ammonia. 

t ** M6moire sur les Moyens Eudiom^triques," Journal de Physique, 1805* 
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dissolved in the water. If the water be retained long at the 
surface, or if the quantity of the vegetable matter be large, 
then the whole of the oxygen may he converted into carbonic 
acid ; hut if the water percolates through the surface soil 
more rapidly, then it carries into the substratum a portion of 
the air originally brought down by the rain ; and that this 
air can he long held in the watei', is sliown hy the fact of the 
water at the well of Grenelle, after passing 100 miles under- 
ground, and reaching a depth of 1800 feet, yet retaining 
1*65 per cent, of air, in which the oxygen is to the nitrogen 
as 22 to 78. 

Sau8sure has also shown that the surface of porous strata 
absorbs atmospheric air, taking up, however, the oxygen in 
much larger proportion than the nitrogen.' In passing rapidly 
into the extremely porous Lower Grecosand, it is possible 
that the rain-water would frequently gain more oxygen from 
this source than it would lose by decomposition in contact 
with decaying vegetable matter in the vegetable mould. 

The organic matter of the soil abstracts oxygen also from 
the atmosphere, and whatever may be the products at first 
formed, the ultimate ones always resolve themselves into car- 
bonic acid gas. This, therefore, is the gas most largely and 
most generally absorbed by the surface waters, and, thus 
charged, they pass downwards into the body of the strata. ■{■ 

139. We have now to consider the chemical condition of 
the strata themselves. It ie shown elsewhere in this work 
(see Appendix D), that the nature and origin of the schistose 

* Tho eiperimente of Prof. Scltiibler canfirm this &ct ; the power of absoqition 
being greuleat io garden mould and least in siliceous sands, — clays and laama holding 
an inteimediate piace. Tho stnil.i must be dump to produce ihis eSect. Jour. Bay. 
Agric. Soc. Vol. 1. p. 177,1840. 

f The action of the ammonia b companiticely so restricted, and tbe formatian of 
itmtea is so dependent upon local cnusee Dpemting chiefly in towni, that the con- 
ideration of these two points is hardly necessary in this inquiry. For Iheio and 
arioUB Dlber questions connected with thie subject, see tlie Introduction to Licbig'a 
Treatise on Organic Chemialiy," Frencli tldit. 1810 ; and Dr. A. Smith "On 
tba Air and Water of Towiu." 
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and crystalline rocks, compared relatively with those of sedi- 
mentary origin, are such as to lead us to conclude, as a strong 
probability, that the changes, in which many of the latter 
deposits originated, have tended to remove a considerable 
number of causes of impurity in the waters of these deri- 
vative strata ; and that from the very mode of accumulation 
of the Lower Greensand, the waters now percolating through 
it may probably not meet with many soluble salts. 

This formation has every appearance of its having been 
derived from the debris of some of the older crystalline rocks. 
It consists essentially of quartzose sand, fine and coarse, all 
the grains of which are much worn and rounded. I have 
found in it mica in very small quantities, and rolled grains 
and water-worn fragments of felspathic minerals rather more 
abundantly.* The green grains of the double silicate of iron 
and alumina form occasionally separate beds, but are more fre- 
quently dispersed in the mass of the sands. Beds of clays 
occur in the central division, and, throughout, some of the 
sands are more or less slightly argillaceous. Carbonate of 
lime forms, in the lower division of this formation in East 
Kent, an important calcareous rock, which is but slightly 
developed in Surrey. In the upper division carbonate of 
lime is very rarely to be detected — ^it is almost entirely sili- 
ceous. The sulphate of barytes is found in small quantities 
embedded in the fuIler^s earth at Nutfield. Chert is com- 
mon in parts of the Lower division, especially at Leith Hill. 
(See §8.) 

But that which characterises this formation and gives it 
a very marked aspect, is the extreme abundance of the 
oxide of iron. It occurs in almost all the strata, in the 
state of the hydrated peroxide, sometimes merely tinting them 
slightly, at other times colouring them red and ochreous; 

* In tbe isolated mass of Lower Greensand at Faringdon, water- worn crystals of 
glassy felspar are very common. Austen, Joum. Geol. Sec. VoL VI. p. 459. 
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li'hilBt elsewhere it renders them deeply ferrnginous,* aud 
' forms nnmeroTis thin hands of coarse iron- sandstone. Some 
[ of the ochres, wliich however are not common, may probably 
' contain a mixture of the carbonate of the protoxide of iron, 
I as all those examined by Berthier from the Lower Green- 
sand in France are composed of this mineral, with a lesser 
quantity of the hydratcd peroxide. f Organic remains are 
very rare within the effective area of this formation around 
London. j: In West Snrrey they appear confined to the lowest 
clay beds, and in West Kent they do not ascend higher than 
the central division. Sulphuret of iron, and the sulphate 
of lime, are scarcely ever met with. In the neighbourhood 
of Westerham, some of the coarse sand beds of this forma- 
tion have all the appearance of containing decomposed fels- 
pathic grains, — a white residue, insoluble in water and muri- 
atic acid, being diffused through the strata. 

140. Now, the surface waters on entering the mass of this 
leposit are, as before mentioned, probably charged with car- 
bonic acid, oxygen, and nitrogen. The sands being almost 
I entirely siliceoos would not undergo any alter.ition ; but any 
dispersed fragments of felspar and mica, which consist of 
compound alkaline silicates, may be decomposed, although 
with extreme slowness, by the carbonic acid in the water, 
setting free soluble alkaline carbonates, and leaving as a 
residue insoluble silicates of alumina, — the basis of |>ure clay. 
The greatest proportion (almost all) of the iron in this forma- 
tion being in the state of the hydrated peroxide, cannot be 
acted upon either by water or carbonic acid; but should it 
occur as a protoxide, then these agents would convert it 
into the carbonate — a mineral partially soluble in free carbonic 
acid; — but if earthy or alkaline carbonates, or free oxygen, 
oft 
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are, ae generally happens, present in the water, this carbonate 
of iron would be immediately decomposed, and the iron thrown 
down as an insoluble hydrated peroxide. 

The green grains of the silicate of iron and alumina are 
generally insoluble ; but they are very variable in their com- 
position, and although the specimen analysed by Dr. Turner 
contained only traces of potash, yet others analysed by Ber- 
thier on the continent, show that this alkali is sometimes 
present to the extent of 10 per cent. When this is the case 
they may be partially decomposed, and the iron taken up, 
which, however, the operation of the causes just alluded to 
would again precipitate. 

141. All the simple salts of potash and soda, and most of 
those of lime and magnesia, are soluble, but the carbonates 
of the latter are not so, except in an excess of carbonic acid. 

In the decomposition of the compound alkaline silicates, 
when the soda or potash are brought at iirst to the state 
of simple carbonates only, tliey cause the precipitation of any 
carbonate of lime present, by abstracting from it the free 
carbonic acid which held it in solution, and they themselves 
pass into bicarbonates. If the sulphate of lime be present, 
these alkaline bicarbonates would promote its decomposi- 
tion. The freely soluble alkaline silicates may precipitate the 
carbonate of lime from its solution as a silicate of lime.* 

In the course of these changes a very small quantity, both 
of iron and of silica, might be left in solution, but the quantity 
would be comparatively inappreciable. Traces of magnesia 
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incompatible. These are, however, the effects noticed under the ordinary preuuro of 
the Btmospliere, and with Bolutions eomparatiTely utrong ; but there is reason to bfr 
lieve that in natuni wnlera the eilreme stHte of dilution in which the udts occur, 
pressure, and the mode in which they are set free, modify inany of the changes 
which theoretically should ensue, and appaientiy render the presence of incompatible 
salts in the same menatmum, although only to a very limited eitent, possible. Tliia 
is, however, at present a pcnnt so little understood, that its value cannot be fixed ; 
but yet it must be aUowed for on the question of probabihties. 
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might also be occasionally disengaged Ly the decomposition of 
some of the felspatbic minerals. The sulphate of barytes, 
which occurs in the Fuller's earth at Nutiield, is insoluble; 
it is besides very rare, and imbedded in claya. The presence 
of the chloride of eodium (common salt) would depend ma- 
terially upon physical changes described in Appendix D. It 
does not exist in the water of the well of Grenelle. 

1 42. The probabilities are, therefore, that water would, in 
its passage through the mass of the Lower Grcensand, take 
up but very few mineral substances; that iron, which, from 
its extreme abundance most danger was to be apprehended, 
exists, with possibly only a few rare exceptions, as an insolu- 
ble peroxide ; or if the presence of any organic matter, which 
however is of very unusual occurrence, should have reduced 
the peroxide, the resulting protoxide would be subject to de- 
composition by the causes described above. 

I am aware of the danger of reasoning upon large masses 
of strata, with only comparatively small superficial portions 
of which we are acquainted ; but still, as the deposit is one 
which has been accumulated under water, with materials of 
a common origin spread over considerable areas, it is not 
probable that the strata underground differ materially from 
those portions of it at the surface, to which our know- 
ledge extends. The geological data indicate the probable 
physical operations which accompanied their formation, and 
these again point to the chemical reactions which were 
most likely to have been brought into play during those 
changes. I think, therefore, there are fair grounds whereon 
to argue the general probabilities of this question. 

143. It now remains to consider the actual quality of the 
water obtained in wells, springs, and by drainage, on the 
surface of the Lower Greenaand, — a point on which the evi- 
dence is very scanty. 

In the communication made last summer to the Institute 
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of British Architects, I was unable to give an opinion on the 
probability whether or not the water from the deep-seated 
beds of this formation beneath London might be found fitted 
for domestic purposes. I had at that time visited only a few 
localities in the Lower Greensand districts, and although 
many of the waters appeared to be very good and pure, yet 
having been informed that some of the well waters were 
hard, and seeing the extremely ferruginous appearance of 
parts of the district, I felt it necessary, until I could ac- 
count for the one, and know more of the mineral condition 
of the other, to consider the question as doubtful. But fur- 
ther observations have satisfied me that the impure condition 
occasionally of the water arises from local causes, and that, 
apart from these, the quality of the water is generally good. 
144. I believe, however, that neither well water, nor 
superficial springs, can be taken as fair tests of the quality 
of the water at great depths below the surface. In the first 
place, owing to the necessity of having ordinary wells open 
at top and loosely bricked round the sides, organic matter is 
liable to be conveyed into them by percolation of the imme- 
diate surface water, or by other causes, — as the growth of some 
of the lower classes of plants. The decay of such sub- 
stances decomposes the air contained in the water, and gene- 
rates carbonic acid.* The consequence is, that well waters 

* I need scarcely point out in confirmation of this view how common an occurrence 
carbonic acid gas (foul air) is in wells, or the accidents to which it gives rise. One 
of the well waters analysed by M. Maumen6 gave per 1000 litres, — nitrogen 18*35 
litres, carbonic acid 48*42, and no oxygen ; while in an adjacent river there were found 
nitrogen 18*68, oxygen 8*22, and carbonic acid 4*15, (Comptes Rendus, Aug. 1850). 
M.Devi]le*s analyses give corroboratingresults ( Ann.de Chim.etPhys.t. XXIII. p. 32). 

Mr. West mentions some general experiments proving the same leading fact (Joum. 
Roy. Inst. Vol. I. p. 45, 1830-1) ; and he afterwards further showed that whereas 
a gallon of the water of the Thames at Kingston, contained 2 cubic inches of carbonic 
acid, and 6 cubic inches of nitrogen and oxygen, the water of the Chadwell spring 
(Ware) contained 10*5 cubic inches of the former, and 7 of the latter gases; 
while in the water of the Treasury pump they were in the proportion of 1 5 to 7'5 
cubic inches. (Report on the Water Supply, 1834, p. 49). 
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TiatiaUy cnntaJii much larger quantities of free carbonic acid 
than any other ordinary description of water, and all free 
oxygen tends gradually to disappear. When tliis takes 
place in the Lower Greensand, the remaining vegetable mat- 
ter in the water prohably slowly abstracts the oxygen it 
requires, for its convei-sion into carbonic acid, from the per- 
oxide of iron present in the surrounding sands, forming then, 
with the protoxide, a carbonate sh'ghtly soluble in free car- 
bonic acid. The like cause will lead to an additional quantity 
of carbonate of lime, if any be present iu the adjacent strata or 
in the brick work of the well, being taken up. These effects, 
however, appear very variable. Where the well is in constant 
use, and the draught of water rapid, it is little affected by 
these causes ; but when it is allowed to stagnate, or it is not 
much used, they inevitably exercise an injurious influence. 

The air, therefore, which the rain absorbs from the atmo- 
sphere, appears to act a most important part in maintaining 
the purity of the surface waters. It supplies oxygen to bodies, 
whose affinity for that element is such, that, if none existed 
nncombined, they would abstract it from those substances 
which yield it most readily, and thereby give rise to a nuniber 
of decompositions, the result of which would generally be to 
produce some more soluble compounds. Among its other 
properties it precipitates the protoxide of iron from its salts 
in solution as an insoluble peroxide, — decomposes the hydro- 
Bulphurets, — and consumes all organic matter. 

146. It is probable that the ferruginous waters, occasionally 
met with on the surface of the Lower Greensand, often 
originate in a double decomposition, which takes place after 
the water issues from the strata. The effect is always most 
apparent where the discharge of water is scanty and slow, and 
the ground low and marshy. The action which takes place 
is generally the same, only stronger, as that above alluded 
to in wells but little used, the soluble carbonate of iron being 
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formed at the expense of the peroxide by the action of organic 
matter. lu marshy grouiida, however, the irou is frequently 
taken up by a vegetable acid. 

146. When the water issues immediately at the junetion 
of the Lower Greensand with the Gault, a different change 
sometimes takes place. Both carbonate of lime and iron 
pyrites occur occasionally in this position, and, under certain 
conditions, the latter passes, by absorbing oxygen from the 
air in the water, into the soluble sulphate of the prot- 
oxide of iron : this being again decomposed, by exposure, into 
a sohible sub-ealt of the peroxide and an insoluble hydrated 
peroxide ; whilst a proportion of sulphuric acid is set Iree and 
combines with any earth* or alkali present, — forming salts 
all more or less soluble. 

This change, however, is of unusual occurrence, even at the 
boundary line with the Gault, whilst in the largo underly- 
ing mass of the Lower G-reensand, iron pyrites is so rare a 
mineral that I have never observed tins phenomenon within 
the proper area of that formation. -f- 

* Generally lime — aometiiDea alumina aod mogne^a. 

f 1 liave noticed thiB dccompoBitiDo. in placea where it is appiireiitty owing to the 
preunce of SossH ehcUa mineralised into iron pyrites. A Tery cnriong case in point, 
oriBJDg apparently from this cnusQ, occnrs, in the Tertiary series, in the tliin beds of 
green sand belonging to the middle diiision of tlie Bngehot sands. In ihis bed 
pyrilicnl caala of TurriltUa, CorJiuni, VtnerkaTdia, &c. are found at Goldaworthy, 
□ear Woking, and at some places near Chobbam, on the hill slopes aronnd which 
village this central division crops out. They are fbnnd also at Winchfield. I hays 
nevec been able to preserve an; of these fossils in a perfect stale. Tbey alwnys 
ef&oTesce after exposure furu time to the air, and become covered with small crystals of 
solphate of iron. A similar change probably takes place very nlowly, and nnturnlly, in 
the strata themselves at their exposed surfaces ; for, as they are permeable, theaerated 
water which passes into them, furnishes oxygen to this sidphuict of iron, and converts 
it into a soluble salphate, which is token up by the water that oozea out at the junc- 
tion of this sand with the bed of clay upon which it repoiei, A further quantity of 
oxygen effects a further dccompoaition, precipitates the iron, and produces earthy and 
alkaline lulphates. A smnJl quantity of oxide of iron, combined probably with a 
vegetable acid, remains however in solution. The recent analyses by Prof. BnUlde 
and Mr. Warington, of the waters of some of the small streams of this district, 
in Mr. Ronnie's " Report on the Supply of Water to be obtained from the 
Bagihot district," show that they are &equeutly slightly chalybeate, containing 
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So long as the hydrated peroxide of iron is in presence of 
water holding only air and carbonic acid in solution, no change 
takes place ; so that the surface of the Lower Greensandi 
although frequently ao highly ferruginous, remains unaltered 
after long expoaure to the atmosphere, unless some preli- 
minary deoxidizing process, under certain favourable con- 
ditions, comes into operation.* 

I believe, therefore, that the occasional hardness of the 
well waters, and the ferruginoua character of some pools and 
springs on the exposed outcrop of the Lower Greenaand, 
result generally from purely local causes, whose action does 
not extend beyond the anrface. 

147. But when the water issues more abandantly, and flows 

carbonate of lime, chloride of sodinra, eijpb»tc of soda, carbonate of soda, eilica, 
oxide of iron Bad organic matter, in quantities, taking tbe wbole together, of from 
10 to 1S grains to the gallon. As this green sand ie uompoBed in a great meaaoie 
of grains of a, dark grcon silicate of iron, some slight decompoBition of tbat mineral 
may peibaps also supply some of the iron, for b the analyses of Prot Brande and 
Mr. Warington, a small quantity of silica ia shown to he generally held in solution. 

I mention this case as a peculiar geological fiicl, and to observe that this chalybeals 
mndilion of the water is a phenomenon of local occmTEuce, and by no nicana depen- 
dent on nny general conditions of the Bagshot sands. The chalybeate springs are 
amall, and CKcar at intervals along the lone of outcrop of these green sands. The 
thiek and more important mass (100 to 150 feet) of yellow, ochreous, and wiiilish 
tands tbrming the upper divisiDu of the Bagshot series, and overlying Ibis thin bed 
of green sand (6 to 15 feet thick), usually transmits water in a stale of great 

The waters, therefore, of the two districta most not be confoimded together. The 
upper sands, which contain only the hydrated peroxide of iron, with traces probably 
of tho protoxide, me comparatively unalterable by rain water, but in the lower levels, 
wherD the grc«n sands and foliated clays crop out, then the waters, which are 
stopped and thrown out by these latter beds, are liable to be affected by the above- 
mentioned causes. Again, in the lower sandi (120 feet thick) of this series, — when, 
as at Cohham, Claremont, and Esher, the central division does not cover them, — the 
springs arc of remarkable purity. The relative districts occupied by the Upper and 
Lower Ripahot series, are de6ned on the Map. The central beds form a band, 
usually very narrow, at the jnnetion of the two, but around Ooldsworthy Hill and 
Chobham they are spread over a larger sur&ce. I have not however been able to 
trace them between Ash and tho western side of Hungary Hill, near Pumham, where 
they appear to be either wanting, or else are in much diminished force. 

In ordinary vegetable decomposition the oxygen is supplied by the atmosphere : 
only when nirh.ia not free access, that the more fixed combinations of oxygen ore 
attacked. 



164 PROBABLE QUALITY 

freely, or when the wells are old, and in constant use, then a 
better criterion is furnished of its probable quality at greater 
depths. In this case, however, care must be taken not to 
form too favourable a conclusion ; for on reference to fig. 18, 
p. 94, it will be seen that the rain water is constantly passing 
through that portion of the strata included between the sur- 
face and the line of water-level «, «', a?, /, which consequently 
must in the course of ages become thoroughly cleansed of all 
the more readily soluble salts, and must present, when the 
formation consists mainly of quartzose sands, as in the case 
of the Lower Greensand, a large mass of strata constituting 
a most perfect natural and well-washed filter. Below this 
line the water remains stored in the strata, and its quality 
will depend upon the conditions, elsewhere inquired into, re- 
lating to the drainage which the strata have undergone since 
their formation, and the rapidity of the present underground 
current, which in any case must be exceedingly slow* (see 
Appendix D). 

The superficial decompositions may therefore be almost 
always referred to atmospherical agencies inoperative beyond 
the immediate surface ; whilst large and perennial springs are 
alike uninfluenced by these processes, and unaffected by any 
change which the chemical nature of the formations may yet 
operate in the water in the strata more deeply seated than 
those through which their course lies. But, as water may 
have been slowly permeating through these deep-seated strata 
for a very great length of geological time, it might now 
possibly be found to be, in these subterranean reservoirs, as 
pure, or nearly so, as that which traverses the strata for a 
shorter space at their outcrop only. It is, therefore, possible 
that the quality of the spring and underground waters may 

* It is well known that water from Artesian wells in strata of sand frequently 
become much purer after two or three years use. The more soluble salts are first 
washed out. (See p. 218). 
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and that the determiuati'on of the condition of 
the former at the aurface of the Lower Greeiiaaiid may be 
admitted aa evidence of the possible general character of 
the water in the interior of this formation ; — the difference 
which may exist between them being chiefly one of degree. 

148. From general observation merely, I am led to infer 
that the quality of the spring and well water in the Lower 
Greenaand districts is much above the average purity of such 
waters ordinarily. From inquiries I made in the districts 
between Biggleswade, the beautiful village of Old Warden, 
Shefford, Silsoe, Clophill, Woburn,* Brickhill, and Leighton 
Buzzard, the water would appear to be, with very few ex- 
ceptions, -f- everywhere excellent for ail domestic purposes : it 
seems almost always to be extremely clear and limpid, and 
in no instance did I observe that it had taken np any of the 
iron BO abundant in the ferruginous sandstones of this district. 
In fact, speaking merely from the general indications, and 
eight, and taste, I hardly know a district, formed of second- 
ary rocks, in which generally the water appears so pure and 
good in every respect. 

Passing to the districts south of London : — some very 
large and fine springs of excelleut water issue from the base 
of the Lower GreensanJ near Weston Street, between Guild- 
ford and Dorking, 

Dorking is almost entirely supplied by springs in the upper 
part of the Lower Greensand. The water is said to be good, 
and the supply unfailing. In the wells at Betchwcrth, Eei- 
gate, Bletchingly, and Westerham, the water does not appear 



* I have since receiTed futlbet infarmatiDn from Lsighton more pu^eukrly eonr 
fitmiiig this opinloa. Even the ordinary wel] water there appears to lie good, und 
•after than uaual. The lupply is abundant 

) A portion of the district is cofered hy the " Boulder clay drift," which oonlaina 

large proportion of debris of caUareoiis rocks, and of impure thalea. Where wcUs 

■ongh this superficial dEposil, ih;: water iiiay frequently be injured 
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to be generally so pure as in some of the other districts ; still 
it is considered good, except when deteriorated by want of 
sufficiently quick use. 

The water in the well sunk through the Gault into the 
Lower Greensanii at Meratham is hard, but that arises appa- 
rently from the causes before mentioned, and also possibly by 
its being slightly injured by the gault, in the clays of which 
the shaft is sunk. 

The water of the fine springs at Riverhead, near Seven 
Oaks, appears to be very good but not very soft. They 
issue near where the calcareous beds of the Lower Greensand 
crop out, and probably on that account contain more carbo- 
nate of lime than usual in the waters of this formation. 

149, lu the absence of exact analyses I annex a list of the 
hardness of a few of these waters (in the chief tracts of out- 
crop to the north and south of London), according to Dr. 
Clark's test, as it is a scale to which of late very general 
reference has been made.* Mr. Warington, who has had 

• AccordinK to Dr. Clark — " E(ii:]i degree of hardneaa iiidicalea aa min:!i hardness 
Bg would be produced by one grain of chalk per gallon, held in aolution in the form of 
bicarbonate of lime, free from any eioesi of carbonic add. The degree of hardaeu 
caused by a liroc salt depends, not on the state of combination of the calcium it conlaiai, 
bat on the quantity of the calcium." " A quantity of a soluble inagneaiiui salt, (Hiui- 
valenC to one grain of chalk, destroys a like quantity of aoap last, and consequently 
indicates one degree of hardness. The same is tho case with the anlta of iron, and 
salts of alumina. Salta of the alkalies do not produce hardueis." (" Note an th« 
examination of Wal«r for Towna," 1847, to which I beg to refer for fuller iofbr- 

Opiniong with regard to the merit of this teat are very conflicting. If the value of 
a 'watec supply be considered to depend generally upon these CBBcntinlg; — 1, its 
dietetic qualities, — 2, ila detergent properties,~S, the amount of solid residue lefl 
by evaporation, then with reference to "3" and as showing the actual haidnesa of a 
water /roin tc/mlever cauaea U mag arise, with regard aimplj^ to ita dttergeni propertie*, 
and H a cgmparalive lelerence on this particular point with other waters, thii tnl is 
practical and convenient. (Ohjections have, however, been made ta ita acconicy even 
as a comparative test, on accannt of the difHculty of obtaining a solution of mufonn 
strength. It evidently requires mncli eare.) But with regard lo " 1 " and " 3" il 
does not appear to me to bo at all admissible. The numerous and variable reactiona 
and modifications caused by the presence of tlie mnny inorganic and organic sub- 
■taucoB, CUD, with reference to these important poiiita, be diKrimi lulled and eiplained 
by ohemicn] nualyiiB alone. 
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conai<ierable experience in the use of this test, has had the 
kindness to perform these experiments for me, They show 
an average hardness of 9'67°. 



whence the w&ttiwoaublaiiied. 
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150. With regard to our knowledge of the actual quality 
of the Lower Greenaand water at depths beneath the surface 
we have Lut very few facts (and those are not of exact 
analysis), relating only to two localities, and both of those 
only at short distances from the outcrop of the strata. The 
Rev. J. C. Olutterbuck informs me that in an Artesian well 
at Hinckaworth, near BaJdock, traversing the Gault, and end- 
ing in the Lower Crreensand, the water is " particularly soft, 
clear, and of good flavour." He afterwards adds, " the only 
point which requires attention appears to bo that if not used 
as quickly as under ordinary circumstances it becomes a 
little cloudy ."J I believe that these ohscrvationa may be 
applied generally to the water procured in the same way 
and from the same source at and around Cambridge, where 
such wells are numerous, but to this I cannot speak posi- 
tively.§ 

* In a ahallow well in tliis fonoation, near Abingdon, which however ia of too re- 
cent coDBlractioD to give a kiv result, Mr. Waringlon found IS'4 of hardneeg. This 
he euBpects aiinea in Bome measure from the presence of magnesis. 

-t I am informed that some of the springs in the town ara probabl; a&ecled hy the 
ahaorbent system of drainage practised there. 

J Itifito be observed that the water stands in a shaft in the apper part of the well. 

^ Since writing the above, Mr. I. Deck has obliged me v.itli more parlicnlar informa- 
liao on this point. As the lacts are interesting, and have a general hearing npon the 
whole question, I annex his statement as received (ISth Jan. 1851). 

** The watei derived from boring to the Lower Greensand varies in its component 



168 PROBABLE QUALITY 

161. Upper Greenland, — This formation presents a mineral 
character of so much uniformity over its whole area, that 
its waters probably will not be found to vary very mate- 
rially. They are usually hard. I am not aware that any 
analysis of them has been made. The district being small, 
compared to that of the Lower Greensand, there are far 
fewer opportunities of judging of the quality of the waters 
either by springs or wells. 

A very good spring, much resorted to formerly, flowed 
just below the church at Merstham.* Between Gatton and 
Dorking there are several wells sunk at the foot of the chalk 
downs into the Upper Greensand, at the base of which, in a 
stratum of sand sometimes green, and other times light 
coloured, and immediately overlying the gault, the spring 
is found. The water is said to be good. A very fine spring 
issues, apparently from the same stratum, at Shiere, between 
Dorking and Guildford. 

In these cases the water seems to pass through the lowest 

parts in different parts of the town. In some places it is highly impregnated with 
iron, so as to render it unfit for culinary purposes, and likewise with vegetable 
matter. The first supply is generally impure, but after a period, varying fiK>m two 
months to as many years, it gradually becomes more pure, and in some instances no 
trace is left of ferruginous or yegetable impregnation. 

^ It is what is denominated hard water, containing carbonate and sulphate of lime, 
the solid contents of 1 gallon varies from 14 to 20 grains.** 

It must be observed that, as the water does not rise to the sur&ce, the shafts of 
the wells at Cambridge are necessarily simk into the gravel and gault, and the water 
is therefore liable to the changes described in a previous part of this chapter. (^144). 

Mr. Deck afterwards informed me, that, '* In a well recently bored 134 feet deep 
in Bridge Street, the water was excellent ; ** that ^ in Russell Street a bore recently 
made 137 feet deep, yields a remarkably soft excellent water.'' He states that " no 
town is better situated for a supply of water,** and that he is '^ not aware of the 
river water being used on any premises in the town, the water from the bores being 
preferred.'* 

According to Mr. Warington, two specimens of the Cambridge waters just sent me 
by Mr. Deck, indicate the following degrees of hardness : — 

Well in Bridge Street bored in 1860 . . 88° 

Another well bored in 1812. . . . 11*0 

Re-€Kfeni8 failed to detect in either of these waters the slightest trace of iron, — (For 
further particulars of the Cambridge wells, see notes, pp. 183 and 192.) 

* The cuttings for the railway have now diverted it. 
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bedy, and is oiily moderately hard, less so than springs in a 
chalk district. In the middle and upper beds, on the con- 
trary, the water appears fiilly as hard as the surface chalk 
waters. The supply of water at Devizes is from wells 60 to 
90 feet in this formation. Outside the town the water is 
tolerably good, but in tlie town tlie defective state of the 
sewerage has, owing to the very porous nature of the strata, 
led frequently to the infiltration of so much organic matter 
into the wells as materially to injure the water.* 

Again, in a tract extending from Waotage to near 
Watlington, the Upper Greensand furnishes a rather hard 
water. Further eastward the zone of outcrop becomes so 
narrow that there are few opportunities of judging of its 
springs. It has been sunk into, in places at a short 
distance from its outcrop, and found fully charged with 
water ; as near Tring, at the level of about 350 feet above the 
Thames, and again at Luton at about 400 feet above that level. 
At this place I am told that this deposit was 4T5 feet below 
the surface, and that water of a very good quality rose with 
great fbrce and abundance to within 16 feet from the top of 
the shaft : the distance from the outcrop is 8^ miles. 

The following list shows the hardness of the waters, in the 
three principal tracts, as determined by Mr. Warington. 
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152. But we know iu the case of the chalk (see Appen- 
dix C), that its waters, which at the outcrop are hard, are soft 
and alkaline beneath London ; it is uncertain, however, whether 
this does not arise in great part from the infiltration of water 
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from the overlying Tertiary sands. It therefore forms no 
criterion of the changes which might take place in the eub- 
tcrranoao waters of the Upper Greensani], some of the beds of 
which deposit assimilate very closely to those of the lower 
chalk in chemical composition. It is not improbable that 
much of the carbonate of lime might be precipitated by al- 
kaline salts, the presence of which (as soluble silicates) in tlite 
formation is more than probable.* 

But we can in some measure judge by analogy, for its 
water-bearing beds bear a much closer resemblance in litho- 
logical character, than those of the Lower Greensand of Surrey 
and Bedtbrdfibire, to the strata supplying the well of Grenelle. 
In the neighbourhood of St, Dizier and Troyes, calcareous 
Greeosands, very similar in appearance (bat with more of 
the green grains) to those of Devizes and Wantage, preyaiJ : 
the siliceous is generally mixed with calcareous sand, which 
latter frequently forms a cement consolidating it into a Baft 
calcareous sandstone. The water traverses these beds, and 
issues at the well of Grenelle, in a state of remarkable purity 
and containing but a very small quantity of carbonate of lime. 
The bicarbonate of potash, which is present, may have had 
some influence in this result (see Appendix A). 

In this country the Upper Greensand consists essentially 
of a calcareous base, occasionally much mixed with clay, and 
containing the dark olive green grains of the compound silicate 
of iron, either irregularly dispersed throughout the strata, or 
sometimes forming separate beds. 

As before mentioned, Dr. Turner found no alkahne base in 
these grains.f It was in those from the Upper Greensand at 
Havre J that Berthier detected 10 per cent of potash. In 

* May Hot the nmismilly large produce of the wbeat uopB in ihc disuict fonned 
by tho bare outcrop gftliia formation, in parts of Berksbire, puasiblj be owing paiiiaJly 
to the preKUce of dccnoipoBablc alkaline sUicatfs, bb well oa of phoipbatn ? 

+ Tbej were from the Lower Greensand. 

Z And Wiuanc 
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Germany a somewhat different result was obtained, but still 
tbere waa an alkali in combination. This substance is evi- 
dently a mineral of variable composition, and with iaomor- 
phous bases, and must consequently differ materially in its 
reBisting power to the action of the air, or of aerated 
water.* If potash or soda be not present, then it is 
probably unalterable ; but if it contains any alkaline base, it 
will be apt to decompose (although not at all readily), and 
liberate a carbonate of potash or soda and the protoxide of 
iron, which latter speedily passes into the peroxide, and is 
precipitated as an ochreous deposit. In this country, how- 
ever, these green sands remain almost invariably unchanged 
irom exposure to the atmosphere.^ 

With the exception of this silicate, the salts of iron are 
almost as scarce in this formation as in the chalk. Phosphate 
of lime occurs at some places in considerable abundance, in 
the form of dispersed concretionary nodular masses. This 
mineral is spai'ingly soluble in water, charged with carbonic 
acid, and traces of it therefore would probably be left. 

Some combination of chlorine (probably the chloride of 
sodium) has, I am informed, been detected in the Ujiper 
Greensand at Devizes. Iron pyrites i^ found in this formation 
in East Kent, but elsewhere it is not a common mineral. 
Vegetable and organic matter also of very limited occurrence. 
153. With regard to surface impurities affecting the waters 
in either of the Greensand formations. Admitting that there 
existed superficially, in some localities, strong earthy or mineral 
impregnation of the water, and of such a description as to be 
transmitted to the mass of the more deeply-seated waters. 
Issuing again as springs in the vicinity of the strata causing 

* I lielie'e that these green giaini are probably derived Erom umo vtuiely of 
HombUnde or Aogile,— miDecali comman in man; gf the rocki of ignsoui origin. 
(See Appendijt D.) 

t Those obwrvntioUB apptyatso Lo ihe gteun grniui of the Lower UreunuDd, wliuro 
huwevei they occur tnotc ranly. 
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the impurity, these waters might be unfit for use ; but if 
they descend lower, and have to traverse several miles of 
audergrouad strata, they would become mixed with such large 
volumes of water, derived from other portiona of the out- 
cropping strata, that the state of extreme dilution would 
probably render them innocuous ; or else, if free oxygen and 
carbonic acid, or alkaline salts, existed in the other waters 
with which they thus became blended, the objectionable salts 
would be liable to be decomposed, and insoluble residues 
formed by these reagents. 

Altogether, judging from the general mioeralogical character 
and surface-waters of the Upper and Lower Greeusands, and 
from analogy with reference to the well of Crenelle, I am led 
to conclude that the quality of the water in those formations, 
as they exist beneath London, would probably be found to 
be good, and might even be extremely pure.* With regard 
to their temperature, if we take the mean for the surface at 
60", and the increase for the depth in the ratio of about 1° 
Fahr. for every 60 to 60 feet, then the water from the 
Upper Greensand, would have a temperature of about 63° to 
65°, and that &om the Lower Greensand of 66° to 70° Fahr. 

These views are necessarily hypothetical : I submit them 
merely as a question of probabilities, the value of which will 
depend on the correctness of the geological and chemical data 
upon which they are founded. To draw more exact inferences 
it would be most desirable to institute a series of quantitative 
analyses of a number of the surface spring waters. In the 
absence, however, of direct evidence, which can be supplied 
only by an Artesian well itself, the subject is one which, 
even in its present state, admits, I conceive, to a certain exteut, 
of inductive reasoning ; although from the large dimensions 
and complicated nature of the masses of strata under inquiry, 

• The cbaracwr of [hose two waten would, however, no doubt differ ; of ihii, 
poHlblf . some advootage might be token. 
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the discussion must unavoidably be conlined to the broader 

conalderations, aud can but faintly indicate the possibility 
jof certain general results. 
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154. In tho foregoing remarks the question has been treated 
entirely upon chemical grounds, bnt the curious results of the 
experiments recently made by Mr. J. T. Way,* tend to 
show that there ia some inherent power in the apparently 
merely mechanical action of common clay, present in the sur- 
face soil or contained in the undisturbed strata, which causes 
it to absorb many of the salts held in solution by water. If 
this be the case, it cannot fail to hare a most important bear- 
ing upon the condition of the subterranean waters. 

Although the inquiry is at present too novel and uncertain 
to form the ground of any very definite positions, yet the 
conclusions of Mr, Way are so marked and distinct that 
they must certainly be taken into consideration in a question 
of this description. 

The absorbent power is apparently independent of chemi- 
cal forces, although it cannot resist any strong exhibition of 
them. All that was previously known on the subject waa 
confined to a few experiments of Berzelins and others, who 
bad shown that even the first portions of sea-water filtered 
through sand (probably mixed with some clay) came out 
fresh. Mr. Way has now ascertained that potash, soda, 
ammonia, magnesia, and their carbonates, can, to a certain 
extent, be separated from water holding them in solution, and 
rendered insoluble, by filtration through clay. Bnt the action 
on all the other salts of these alkalies is different; — they 

• Joura. Hoy, AgricnJ. Sdc. Vol. XI. p. 313, 1850. See also tlie inWrestins Ob- 
lerratione on the oiidising power of Siliceous Sands, and their powerful action inpuri- 
tj'mg water bj filtration, in Dr. A. Smith"! paper " On the Ait and Water of Towns," 
Trans. Brit. Askc. for 1848, p. 16. 
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are decomposed, the base only is absorbed, and the acid 
unites with any lime present in the soil. The action is not 
so strong on caustic lime and carbonate of lime, but still it 
exists; none, however, takes place upon the other salts of 
lime. This absorbent power of clays seems to vary gene- 
rally from a i to 2 per cent, although occasionally it is as 
much as 4 per cent, on the mass. 

Now it is evident that the effect of this power acting on 
waters traversing strata of loose siliceous sands, mixed some- 
times with clays, is likely to assist most materially the ordi- 
nary chemical action, in purifying these waters from a portion 
of their saline ingredients. When it is considered that the 
waters have to pass through many miles of the Lower Green- 
sand, in some places entirely siliceous, and at other places 
partially argillaceous, it really becomes a question whether the 
water may not be, to a very great extent, freed from extra- 
neous matter, and rendered by this means only, so far as 
regards the alkaline and earthy salts, comparatively soft and 
pure. This property, combined with the action of chemical 
aflSnities in promoting more especially the precipitation of 
metallic bases, and with that of siliceous sands in oxidising 
and dispersing organic matter, would appear to be part of 
a great natural law, holding in balance and counteracting 
the injurious effects which might otherwise follow from one of 
the most valuable properties of water — its solvent power. 



Since the above pages were written, the valuable Appendices to the ** Report on 
the Supply of Water to the Metropolis,^ by the General Board of Health, have 
been published. Dr. A. Smith shows, that the surface-waters (ponds and springs), 
of part of the Lower Oreensand district in the neighbourhood of Famham, are very 
pure and good, containing upon an average about six to seven grains of inorganic 
matter per gallon, and varying in hardness from about 2^° to 9°. Prof. Way bears 
testimony to the same feet, and gives a fiirther development of the interesting views 
alluded to above. Appendix No. III., pp. 99 to 142. 
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155. We have shown in the preceding pages, on the evi- 
dence of geological structure, the probability that the Lo'wer 
Gremisand of the hills of Kent and Surrey, of Oxfordshire, 
Buckingham shire, Bedfordshire, and Cambridgeshire, could, 
through its subterranean strata, contribute largely to the 
water-supply of the metropolis ; and that in addition to these 
districts we may, in the case of the Upper Greertsand, look 
also to the downs and valleys of parts of Wiltshire and Berk- 
shire as another source of supply. We have now to consider 
whether the general conclusions to which we have arrived are 
confirmed by comparison with results which have been ob- 
tained elsewhere ; and whether the objections which have 
been made to the use of Artesian wells, on account of ex- 
pense of construction,* insufficiency of supply, defective quality 
of the water, and want of permanence in the springs, are 
valid against the system generally, or hold good only in 
particular cases. 

156. The grounds of objection are on the whole apparently 
conclusive with respect to the Chalk and the Loioer Tertiaries, 
the supplies from which, though of considerable value, are 
limited and insufficient to meet the wants of a city of the 

" On the question of cost 1 eaii oiilj speak generally ; ns it, however, foima ona 
of the grounds of objectiaQ against the use of Anesiim wells, I have collected a few 
beta hearing upon this point, whieh will be fonnd in Appendix £. From them it 
would nppoar tluit the tapper and Lower OreeuBandBheueath London might he readied 
by boring at an expense leu than that which hae been freqneully incurred in onkirg 
deep wclla merely into the chatk. As tho water would atmoat ccrlainly rise abave 
the BOrfece, tubular bores alone would be required, and the eipen»e of ahaftB and 
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magnitude of London, arising in one case from unsuitable 
lithological character, and in the other from restricted super- 
ficial development of the permeable strata. But I conceive 
that they are not applicable to those great masses of permeable 
strata — the Upper and Lower Greensands — which exist at 
greater depths beneath, and crop out at greater distances from, 
the Metropolis ; for these formations occupy superficial areas 
extensive enough to receive, and are of dimensions adequate to 
transmit, a volume of water which, if not sufiicient, would 
probably at least contribute a very important proportion to- 
wards the quantity required for the water supply of London. 

157. I am further led to conclude, after a careful examina- 
tion of the geology of the country extending from Wiltshire 
to the coasts of Kent and Norfolk, that there probably is no 
large city in Europe the situation of which is so peculiarly 
favourable as that of London, for obtaining, by means of 
Artesian wells, an abundant supply of water of a quality, 
which, there are reasonable grounds to believe, would prove 
pure and good. The position of this capital in the centre of 
a large trough-shaped district, — with a series of important 
water-bearing strata beneath, and cropping out in successive 
zones around it, — is, at all events, very remarkable. 

158. With regard to the quantity of water actually sup- 
plied by any known portion of the Tertiary district in this 
country, and by strata of the same age, as well as by the 
Lower Cretaceous deposits, in France, we have but few defi- 
nite facts. Within a limited area in the valley of the 
Wandle the Lower Tertiary sands furnish probably not less 
than 1,000,000 gallons of water daily. Four wells in the Lower 
Tertiary strata at and near the small town of Vaires, in the 
department of the Seine et Marne, produce rather more than 
2j million gallons daily.* In the Tertiary district of the 
neighbourhood of Perpignan, Artesian wells are numerous, and 

* DegouB^, 1847* See also Appendix A, p. 198. 
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probably furnish a large supply of water ; the yield from one 
of them (which is however quoted on account of its being 
unnsually great) amounted to 633,000 gallons daily.* 

At and near Tours there are, in the Lower Cretaceous 
series (the outcrop and dimensionB of which are apparently 
not very large), fifteen Artesian wells yielding, it would seem, 
together about 4,000,000 gallons of water daily : — the single 
well at Ville-aux- Dames supplying as much as 950,000 gallons 
in the twenty-four hours.-f* At Elbojuf, where these strata 
are also of moderate dimensions, the supply may possibly 
amount to 2,000,000 or 3,000,000 gallons daily ; but I know 
the product of three only of these wells, — amounting together 
to about 800,000 gallons. The well of Grenelle, which merely 
indicates but does not measure the capability of the Lower 
Greensand, the thickness and outcropping surface of which are 
small in compaiison with those of the same series in England, 
gives 830,000 gallons of water daily. J (See Appendix A.) 

159. In inquiring Into the probable relative value of any 
water-bearing strata it is necessary to compare the rain-fall in 
their respective area. We have seen (p. 110), that in the Ter- 
Hary district the mean annual fall averages 25 inches, whereas 
on the JJ'pper Greensand it probably amounts to 28 inches, and 
on the Lower Greetisand to 2&i inches. In the Tertiary dis- 
trict around Paris, the mean annual fall is rather more than 
22 inches : and in the Greensand districts to the east of it, 
apparently rather less.§ (See p. 205.) Then again the dis- 
tribution of the raiu-fall according to seasons must be taken 
into account, for Mr, Dickinson's experiments show that httle 
or no rain passes beneath the surface during the months from 
April to September inclusive. In this country the limited 

• Arago, 1835. i Degoaaie, IBSl. 

f I belisie that these ganginga an mostly taken at « nenr t)ip suriBce of Ibe 
[ fRwnd ; when the jet it canied tigher, lite delivery will of course be Icsa. 
r § The fort* connected with the meteorology of Fmnce, I Iinve haacd upon the 
I Jlitaand datagiTen by M. Charlea MaiUns, in "Patria." 
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evidence we possess docs not appear to indicate any mate- 
rial difference in this latter respect between the several dis- 
tricts ; but between this country and France the difference 
is more marked — the annual rain not only being greater in 
England, but also the proportion falling during that period 
of the year, when it is less affected by evaporation and 
vegetation, being rather larger. 

Taking the divisions of the seasons as given in the work of 
M. Martin, (which are not however so conformable as I would 
have wished with the periods of maximum and minimum 
infiltration,) the follo^ving is the relative distribution of the 
above-mentioned rain-falls : — 

tt2> March (j June g Sept J Dec. 
April I July I Oct. o Jan. 
May § Aug. ^ Nov. ^ Feb. 

Per cent. Pit cent. Per cent. Per cent. 
France, north of the Loire • . . 22*5 30*5 27 20 
London and the neighbouring district .21*5 26 31 21*5 

160. The total superficial area of the Upper Greensand 
occupies 173 square miles, and that of the Lower Green- 
sand 650. The average fall of rain on them amounts re- 
spectively to about 191,000,000, and 695,000,000 of gallons 
daily (for the extent of the effective areas, see IT 92 and 93). 
As also the thickness of the one formation averages 50 feet, 
and that of the other 367 feet, the latter consisting in great 
part of the most perfectly permeable strata, I cannot but 
think that, taking the question in all its bearings, — con- 
sidering the results obtained from strata of much more limited 
dimensions,* and the relative fall of rain in the several dis- 

* M. Degous^e, the eminent well-engineer, has arrived at the following concIoBions 
with respect to these several formations on the continent. After speaking of the drift 
deposits and their land springs, he observes, — ** Les terrains tertiaries oi&ent d6ja 
des bassins plus 6tendus, dcs couches mieux d^tcrmin^es et des eaux plus pnres ; 
mais c*est dans les terrains secondaires que les ph^nomdnes, dont Tart du sondeur 
tire parti, se pr6sentent sur une plus vaste ^chelle, a raison de la grande ^paisseur 
des couches, de Icur altemances de moins en moins fr^quentes, de leur continuity qui 
s^^tend sur des cirques immenses, et aussi de la force des conrs d'ean inf§rieiue ; 
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tricts, — we have, in these facts, a further argument in favour 
of the conclusions to which we arrived In §12; viz., that 
a daily supply of from six to ten million gallons of water 
might be drawn from the Upper Greenland, and of from 
thirti/ to forty million gallons from the Lovxr Greensand, 
beneath London, and within a circle of live miles around it.^ 

For these large supplies the open texture of the sands 
themselves affords naturally the necessary channeis and re- 
servoirs. All parts of the surface can communicate freely 
with the subterranean reservoir, which presents a capacity for 
storage comparatively unlimited in its extent. If it were not 
to rain for a whole year, the effect upon the volume of water 
held in the strata would scarcely be perceptible ; for let it 
be borne in mind that the effective permeable beds of the 
Lower Greensand are 200 feet thick, that they occupy an 
area above and below ground of 4600 square miles, that a 
mass of only 1 mile square and 1 foot thick will hold more 
than 60,000,000 gallons of water, and some idea may be 
then formed of the magnitude of such an underground reser- 
voir. A fall of 1 foot in the water-level throughout the 
whole area of outcrop would give more than the quantity of 
water required for a year's consumption of London. 

It is possible also, as mentioned below and also in IT 94 to 

toulas ces causes rendenl lea coorceB natnrellea de terrains secondaires plus rates et 
pins abondanles, et BSiurentaoMi le succesde Topiration, qni conaiale a lea rpchercher 
i dcs grandee protondeure.'' Ouida du Sondenr, p. 47. I was not aware of this cor- 
roboralive passage nntil the conclusions mentioned in the text had boon writlsn. 

• It U prohable that a uery laryt additioiud aupptg might be obtained by dinsting 
the WBter, which in heavy rains flovra in considerable qnantiliea ftom off the alope* of 
the chalk eicarpnient*, to the outCTop of the Upper and Lower Oreensaiide, and re- 
taining it there to s< (o admit of its gradual absorption by those d^osils. As ths 
Lower Chalk almost invariably forms sloping surfaces towards the Qrecnsands, the 
quantity to be fumiilied by such an extent of gathering ground night amount b> 
sBTBtal million of gallons doily. 

In considering tha productive power of the Lower Greensand, the lower division of 
1 Kent was excluded. Should this division be reacted beneath Lon- 
£e from which also a further very caneiderable addition to the water- 
■i^tpl; might be expected. 
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96, that by employing artificial means to divert and collect 
the rain-fall from off adjacent areas, the quantity of water 
to be obtained through the Greensanda might be greatly in- 
creased; whilst, should it be found practicable to traverse 
the Lower Greensand, other water-bearing strata, capable of 
furnishing large additional supplies, would probably be met 
with still lower in the Secondary series.* At a depth of 
3000 feet, the temperature of the water would probably be 
above 100^ of Fahrenheit. f 

• The following may possibly be the succession of strata beneath London. I have 
taken, as the approximate thickness of the different groups, measurements considerably 
less than those assigned to them at their outcrops ; for the Wealden formations thiu 
out to the north, while the oolitic deposits appear to become less important as they 
range eastward, so that the strata of both series are probably thinner beneath 
London. The permeable arenaceous deposits are given in Italics* 

Thickness. Depth. 

Feet. Feet. 

Estimated depth to the Upper surface of the Lower 

Greensand (see p. 142) 1040 

Lower Greensand 400 

Weald Clay 300 j^^q 

Hastings Sands 2()0 

Purbeck Limestones 30 

P<"«-»|1S .•.•.•.-.•.■ 40 2060 

Kimmeridge Clay 400 

Coral Rag .' 30 2520 

Calcareous Grit and sands 50 

Oxford Clav 300 

Great (Bath) Oolite, Combrash, Inferior . . )200 097^ 

Oolite, Fuller's earth, &c 5 ^^*^ 

Sands of the Inferior Oolite .... 30 

Lias 300 

The Hastings Sands crop out in a broad tract of country ranging from Hastings, Tun- 
bridge Wells, to near Petworth, and may be from 400 to 500 feet tliick. The'Portland 
sands. Calcareous grit, and Inferior Oolite, stretch from a base extending between 
Bath and Swindon, through Oxfordshire, Northamptonshire, into Lincolnshire. The 
dimensions of the sands of the Inferior Oolite are, in some places, considerable. The 
water from the Hastings sands and Portland sands would probably be very pure and 
good : the others more uncertain. The temperature of the former would possibly 
reach about 80°, and that from the sands of the Inferior oolite about 105°. Sub- 
ordinate small water-bearing beds might present themselves in other parts of the series. 

f As before mentioned, the temperature of the waters from the Greensand will 
probably be found between 63° and 70<^ of Fahr. (p. 172). I do not conceive that 
this would present a difficulty, as the water could be readily cooled by 'the refrigera- 
tion produced by exposure during night, and by its passage through the delivery 
pipes, to the temperature required for use. Such water would be flat, as might be 
the case with water warmed on the sur&ce. 
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161. We have seen (§ 15) that the water-level 
Upper I 



th6 ' 

■ Q-reenaaiiii iu Wiltshire standa commonly at about 
300 feet above LonJou, in Surrey at from 100 to 200 feet, 
and in Oxfordshire and Buckinghamshire from 120 to 300 
&et, and that although rather lower, in the Lower Greensand 
of the latter counties, it is much above that level still : — 
fiirther thai the outcrop of the Upper Greensand ie on the 
average, 150 to 200 feet, and that of the Lower Greensand 
100 to 120 feet above that of the Lower Tertiaries, the water 
from which, when in their normal condition, rose above the 
level of the Thames, and yet overflows in the neighbourhood 
of London. We also have shown that, after allowing for all 
the difiiculties of transmission, &c., the waters held in these 
formations would, if liberated by means of Artesian wells, 
probably rise above even the highest parts of the Metropolis, 
— perhaps to a Itdght varying from 100 io 150/ee( above the 
level of Trinity high-water mark.* 

The column of water at Grenelle has been found to rise 
in an iron tube 120 feet above the surface of the ground. At 
Tours (the outcrop of the water-bearing strata not being 
many raiJea from the town, but its exact distance and re- 
lative height have not been given), some experiments, made 
at the Cavalry barracks in that town, to determine the height 
to which the water of an Artesian well would rise through 
apertures of difl'ercnt sizes, gave the following results : — 
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162. One of the objections to the Artesiau system has 
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been that the quality of the toater is not adapted to general 
purposes ; for although the water from the chalk and Lower 
Tertiary sands is perfectly limpid, soft, and free from organic 
matter, far purer than the shallow spring water, and a better 
detergent than the river waters, yet it contains too many 
alkaline salts, and leaves too much solid residue. In new 
wells also it is often impure (Appendix G, p. 218). These 
conditions have in England created an unfavourable im- 
pression as to the quality of Artesian well water ; a different 
opinion respecting it prevails, however, on the Continent, 
where these wells are in more general use. 

It is probable that, eateris paribus^ the subterranean waters 
may possess to a certain extent the relative qualities which 
characterise them on the outcropping surfaces of the several 
water-bearing strata. In the chalk districts however the 
water is usually hard, but it is elsewhere (p. 219) shown, 
that what is found in the chalk beneath London exhibits 
a remarkable change, containing little or no carbonate of 
lime, and being soft and alkaline. The origin of this change, 
whether effected within the chalk itself, or produced by 
infiltration of the water from the Lower Tertiary sands or 
from the Thames, is too uncertain to be admitted in evidence 
of corresponding changes in other formations. 

163. It is possible that the character of the water of the 
Upper Oreenaand which, on the surface, is likewise hard, 
may become modified in its passage underground. This 
water would also be tree from those interferences which 
affect the deep chalk water. The arenaceous and permeable 
portions of this formation so much resemble the strata supply* 
ing the water to the well of Grenelle (which is remarkable /or 
its purity), that we may look to some approach to a similar 
excellence in the waters of the Upper Greensand beneath 
London. 

The waters in the Lower Greensand districts I believe 
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to be generally much above the average cjuality of sur- 
face waters. In the weatero part of Surrey, aud also in 
Bedfordahire and Buckiughamahire, they appeal- to he espe- 
cially pure and good. That they maintain this character in 
their subterranean position under London baa been shown to 
be probable (IF 140—142). 

We Itnow that at Cambridge, where the Lower Greeneand 
is at a depth of 130 to ISO feet, and distant six or seven miles 
from its outcrop, the water obtained from it is, on the whole, 
very good, and in general use. The two spoeimena which 
were carefiiUy tested seemed pure, and indicated 8'8° and 1 1° 
of hardness ; and this probably would have been Icsa had 
the water not stood in open shafts.* (Note p. 168). 

164. With regard to the general character oi Artesian well 
waters in France, and to the opinions held respecting them, I 
will make a few observations; premiaiug that, although so dif- 
ferent in geological position, a prominent feature of the water- 
bearing beds of the Lower Tertiary series in France is the 
presence of green and of light- coloured quartzose sands, — 
mineral peculiarities common to our Lower Greensand. 

Both M. Hericart de Thuryf- and M. Degousee bear tes- 
timony to the almost invariably good quality of the water 

• Cambridge is tho only town, not upon tha surfiice ot the Lower (ireensand, 
wfaich derives a large supply from that depoEit in its underground position (130 to 
150 feet underlying ihe GaulC, see note, p. 167). Mucb of the water is evidently 
Terj pure and good ; tbe defects which exist in some of the wells ore guch as may 
arise &om causes not natural , and would not occur if the water overflowed at tha 
Buriace inittefld of standing a few feet below it. It is to be obBervcd also that this 
fomiation has in Cambridgeshire a mineial chamclei: less ibvoorable than in other 
diitrictB aroond London, 

t M. Hericart deThury obserrea m his "Rapport," &c. (seep. 10), "Combiende 
TiUcB ont ^labli, ou font en cc moment (I8;M) ftablir des puits for^spour remedier d 
I'iDaaflisance do Icura fontaines, ou pour obtenirdes eaui purea et invaiiables en qnan- 
tite conuue en qnah(£, en rcmplocement des eaux durea et s^Ieniteuses des puits ou 
dea eaux vaseuaea que leur foumiasalent lenrs rivieres nne partie de I'aunee '. " Theaa 
observations refer to the lawns of St. Denis, Tours, Chartres, fa. Speaking of tha 
the Tertiary stmta he Blabia that, " Elles santgem-ralement doucea et de 
alit^-^^— "" Cea eaux diasolvent pLirfuiteuieut Ic savon et cniaent (res bien lea 
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famished by the Tertiary and Upper Secondary formations, 
but without giving any exact particulars,* more than that 
they are limpid, pure, and good, and are used for domestic 
purposes and in various factories in Paris. 

Tours is now in a great degree supplied by water from 
Artesian wells, which traverse the chalk and end in the 
Greensand series. An analysis of this water will be found 
in Appendix A.; — M. Dujardin remarks that it contains air 
and carbonic acid, dissolves soap perfectly, is limpid, and fit 
for all the purposes to which rain or river water is applied.^f 
M, Pay en makes similar observations of the Grenelle water, 
which is, however, chemically purer than that of Tours, and 
states also that ^^ he finds that this water leaves less residue 
than the purest river waters.^^ His analysis shows that it 
contains only about ^^^ part of the salts of lime found in 
the waters of the Seine, — that it is perfectly firee from the 
sulphate of lime, — and that it is apparently as well aerated 
as most surface waters. Messrs. Abel and Bowney in their 
analysis of the water of the Artesian wells in Trafalgar- 
square, observe, " The purity of the water of Grenelle is most 
remarkable ; the amount of fixed constituents being only 
about, f**" of that which is found in the London waters "''J 
(see Appendix A, p. 206). 

M. Marcel de Serre'8§ researches in the Tertiary districts 

* M. Degous^e has since furnislied me with an analysis of the water firom the 
Lower Tertiary sands beneath Paris. The water is not so pure as that of the Seine, 
bat the analysis was made immediately after the well was finished (twenty years 
ago), and the water has much improved since (see Appendix A, pi 211). 

t Annalesde Chimie et de Physique^ 3me ser.T. I. 1841. In 1848 MM. Boutron- 
Chalard and Henry observe of the same waters, — ^ Que Teau n'a rien perdu de sa 
puret^ et de ses bonnes qualit^s." 

The attention paid by most eastern nations to the waters they use for drinking 
is well known. M. Rey mentions that the Turkish ambassador in Paris sent 
daily to the well of Grenelle for his supply of water. (It must, however, be ob- 
served that many of the Paris waters are very indifferent.) He also states that this 
water is valuable for steam engines from its not encrusting the boilers. " Le puits Ar- 
t^sien de Grenelle," Paris, 1843. t Joum. Chem. Soc. Vol. I. p. 97. 

J '* Notice sur les Puits Artesiens," Montpellier, 1830. M. Hericart de Thury says 
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of the south of Frauce hare led him to the same conclusion, — 
" that the waters are limpid, &eah, potahle, hoil and lather 
" well." 

M. Girardin, the eminent Professor of Chemistry at Bonen, 
expresses the following opinioDs,* — "Of all potable watersthe 
best, without doubt, is rain water," — " After rain water, the 
" waters of Artesian wells are the purest ; they are generally 
"abundant, and contain fewer salts than river and spring 
" waters." Speaking of the water of one of thd Artesian 
wells at Ilouen, he mentions that "it boils vegetables well, is 
" very good drinking water, dissolves soap completely, is very 
" detersive, and well suited for Lhe washing and bleaching 
"of all sorts of tissues ."'■!■ 

The waters of the Artesian wells of Lillo, Valenciennes, J 
and St. Quentin, are generally of a quality which is perfectly 
satisfactory to the inhabitants (see p. 209). 

165, Sometimes, however, when the wells are first made, 
the water of Artesian wells is impure, hut after an interval, 
varying from a few months to two or three years, 
almost always found to improve, and generally to becom^-fl 
perfectly good. This is a phenomenon of frequent occuf«I 
rence in the Lower Tertiary sands in some districts uearl 
London {p. 218), — wells which were neglected at first have J 
since proved quite fit for use. At Cambridge the same fact J 
has been remarked (note, p. 167), and in Paris it is very I 
commonly observed in the Tertiary strata.§ 

if B well biTcd neat Perpignan into Tertiary beds of " aablo chlorit^" (gteensond}, 
— " Que I'analjBe cbimique 3 prouv£ que I'eaii, qui dissout parfaitemcnt le mydd, 
s>t d'eicellentE quality" The laocess o! this work ituuedlatel; induced (wentf- 
five of the neighhaiuing proprieton to project Eimilar wells on theii groundi. 

* LefDDS de Chimie ^l^mcuUiire appliqu^ee aux Arta indnBtriols, p. 58, G9, Puii, 
1846. 
t Pt^ci» analjtiqn? des Travrtnx de I'Acod^ie des Sciences do Rouen, ln3U. 
i The flax for the fine laco of Valenciennes is weathered in Arteainn well-wateri, 
their limpidity and even temperBtare heing considered us of essentia] nd vantage. 
S " Mail il eat on iait constant, c*e>t quo dons une gcaude qunutJto de puiiiti oi 
eaux ont et^ employe poni des laroin publics, apres Hvoic iti : 
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This improyement in the water is readily understood, and 
probably applies generally, from the constant flow of water 
through the same channels gradually removing all the soluble 
salts it meets with in its passage. In the Lower Tertiary 
strata around London there is also a source of impurity that 
would not exist in the Greensands, arising from the circum- 
stance that in the former series, which on the whole is of 
marine and aestuarial origin, there is intercalated a group of 
fluviatile strata. At Woolwich, Blackheath, and Lewisham, 
they are fully developed, and they have been found to range 
in decreasing thickness under the greater part of London. 
Now as this ancient river bore down into the sea a great 
number of shells and a considerable quantity of vegetable 
matter, the calcareous materials of the one, and the de- 
oxidizing action of the other (on the sulphates especially), 
would, independently of any other substances brought down 
by the river, tend to produce great local modifications and 
variation in the mineral character of the accumulating strata^ 
and to lead to the formation of a number of soluble salts, 
from which the Upper and Lower Greensands, being entirely 
of marine origin, would be free.* 

1 66. A very happy application to improving the water-supply 
of a large town has recently been made at Venice, which for- 
merly was entirely dependent upon the fall of rain for its 
supply of fresh water. 

The expense and inconvenience of this system had led (be- 
tween 1825 and 1836) to various ineffectual attempts, on the 

tout k fait impropre au lavage du liiige, elles ont fini par deyenir assez bonnes pour 
que leur usage soit pr^f(§r6 a celui de Teau de I'Ourcq/* — Letter from M. Laurent 
Degous6e. 

* It is however to be observed that the fluviatile and aestuarial beds fomi an upper 
division in the Lower Tertiaries ; but the whole series is too permeable, and the line 
of separation too ill defined, to suppose that the waters they respectively contain are 
kept separate ; or rather, it is probable that it is where this upper division expands, 
at the expense of the lower one (as happens to the north and west of London), that 
these effects are most apparent. 
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part, of the Austrian govemmeDt, to construct deep Artesian 
wells. In 1846, M.Degousfeewasapplied toby the Municipality 
of the city, and after a carefiil inquiry into the practicability 
of such works in so peculiar a situation, and into the geola~ 
gical structure of the gurroundiog district, he engaged on the 
undertaking in 1846.* The works have been completely suc- 
cessful. At a depth of from 200 to 220 feet he reached a 
spring of water which rose about 23 feet above the surface of 
the ground. This water is apparently of good quality, and 
' perfectly free from all Infiltration of sea-water ,f It is now in 
general use at Venice, the daily supply from 10 wells amount- 
ing to about 400,000 gallons. Of the dimensions of the water- 
bearing strata there are no means of judging ; they appear to 
} small. M. Degousee is of opinion that they outcrop in 
the neighbourhood of Vicenza, Treviso, and Palma-Nova, 
at an elevation of about 60 to 70 feet above the surface at 
Venice ; but he is now making an Artesian well 982 feet 
;p, by means of which he hopes to obtain water through 
strata which crop out at the foot of the Sub-apennine hills. | 
167. Lastly, with regard to the objection which has been 
I urged against the Artesian-well system on account of the 
1 gradual decrease that has been experienced in the qwantiiy of 
water which these wells have furnished. This is to be ac- 
counted for, — Ist, by defects of the tubes, or by their becoming 
choked with sand ; 2Dd, by the relation between the supply 

I and demand not being properly maintained. 
1 68. On the first point I may briefly observe that many 
of the early wells around London were, I am told, tubed 
merely with common tin pipes ; that they should have got 
(DC 
of* 
tota 
L 



le la Sociele Ofeilogique Ae France, 2eine, «er. T. VII. p. 48, IBfiO. 

t Thi» uraler has been analysed by lie "Fbcu1i6 du Hojanme"' at Padua, and fnond 
I' (t> contain per litre, — curbonflte of limo 0"129, carbonate of magneaia 0'036, carbonate 
I of»oJaO'OI8,oiideofiron 0013, organic malterO'Oai.clOorideofpoWssimn 0*005, 
h total 0'223 grammei ; or about 15) graiaa per gallon. 

J Arteiiao wells have long been in use in ievenil towns n! nortbem Italy. 
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out of repair and use is not surprising. Even where iron is 
used the action of the London clay is often very rapid in its 
corroding effects.* 

Defective construction of the pipes in some wells, in this 
and other respects, and a want of sufficient power in the 
ascending jet of water in others, or frequently both causes 
jointly, has led to the gradual accumulation of sand in the 
tubes of many Artesian wells, and thus materially interfered 
with their supplies, independently of any fluctuation in the 
water-level. 

This indeed is an inconvenience of very general occurrence 
in Artesian wells drawing their water from beds of sand, un- 
less the jet of water be very powerful, and then it will keep 
the tube free. The spring often diminishes, and sometimes 
ceases to flow, apparently from a decreasing supply, but in 
reality from the above-named cause. The Artesian wells in 
the Tertiary strata at and around Paris are very subject to 
this cause of obstruction. It is, however, easily remedied by 
the removal of the sand out of the tube, when the water will 
resume its original rate of flow. It is a defect, also, which 
almost ceases to operate after a time, especially where the 
spring is strong ; as the water, by bringing up the sand, gra- 
dually excavates a permanent cavity at the base of the bore. 

With regard to the Upper Greensand, its more compact 
and solid beds would transmit, through fissures, the water 
received in its more sandy strata at a distance, and the in- 
convenience from this source would probably be small. A 
cavernous rocky frame- work would soon be established, which 
would form a well-adapted receptacle for the water, and keep 
back the sands. 

In the case of the Lower Greensand, this inconvenience at 
first might be considerable, but the force of the flowing water 

* At Sutton a wrought iron pipe h<i8 been recently taken up after seyen years' use. 
It was found to be (^uite worn through. 
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wonld no donbt nltimately alwaja tend to remove the ob- 
strnctions, and to keep the channels clear. 

169. We now have to consider the more important question 
relating to the supply and demand. So long as the quantity 
of water taken in the course of the year from a water-bearing 
fitratnm does not exceed that which it receives of the mean 
annual rain-fall, and it ia not abstracted more rapidly than it 
can be replaced by percolation, so long will the equilibrium 
be nndisturbed, and the spring maintain a steady and un- 
diminished flow. It is the continual additions supplied by 
rain, and not the bulk with which the strata are saturated 
(which quantity shonld remain constant), that must form the 
really available source of supply. For if a water-bearing 
deposit, into which 5,000,000 gallons of water annually pass 
by in61tration at its outcrop, should have 10,000,000 gallons 
^^H taken from it in the same time by means of Artesian wells, 
^^B the extra 5,000,000 will bo a drain upon the quantity required 
^^^ for the full saturation of the strata, and an encroachment upon 
that which should be considered as a permanent reservoir, — 
' any decrease in which, by diminishing the pressure, will tend 

I to impede the percolation of the water, and consequently 
to lessen its flow and delivery from the subterranean strata, 
If this system — of an abstraction more rapid than the re- 
plenishment by rain — be continued from year to year, the 
result must be an exhaustion of the strata, a gradual fall in 
the water-level, and a constant decrease in the supply. 
This is a process now taking place, although not exactly in 
the above proportions, at London. The chalk, notwithstanding 
its large dimensions, is not a freely permeable deposit ; the 
Lower Tertiary sands, on the contrary, are freely permeable, 
but of very limited dimensions. Consequently they are both 
unable to meet the demand which is made upon them, they 
are both over-drained, and exhibit a fall varying from about 
40 to 60 feet in their water-level within the last thirty years. 



^ 
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Bat this fact cannot be made a valid ground of objection 
against the system generally. Let the demand upon any 
series of strata be careftdly regulated not to exceed the 
mean annual supply by rain, and then the yield will not 
fluctuate. 

170. In the Lower Greensand we have a mass not much 
inferior in volume to the chalk, and in permeability fiur 
surpassing even the Lower Tertiary sands. In the Upper 
Greensand the volume is smaller^ but yet it is one very far 
exceeding that of the Tertiary strata, and with a power of 
transmitting water nearly equal to them. Therefore that 
these are sources from which large supplies may be obtained 
is reasonably to be expected. 

Nor are we entirely without independent evidence of great 
quantities of water existing in strata of sand. A very re- 
markable instance is mentioned by Mr. B. Stephenson, of a 
case where such a stratum yielded by two shafts, fourteen 
million goMone of water daily ^ and this notwithstanding that 
it was in a district much disturbed by faults, where the con- 
tinuity of the strata is often broken; and where it is not pro- 
bable that the sand-bed could have been more than a few 
yards thick.* 

171. With respect to the perma/nenoe of supply by means 
of Artesian wells, Arago merely adduces two cases, which 
he seems to consider conclusive, f— viz., the Artesian well at 
Lillers (note, p. 192), and that at the monastery of Saint 
Andre,! which latter at this day seems, with regard to the 

* ^^ In the county of Durham, two shafts, within a few yards of one another, are 
^ now in process of being sunk for the purpose of a coal-pit. They have encountered a 
*^ stratum of sand lying between the Magnesian Limestone and the Coal Formation, 
^ abounding with water to an extraordinary degree. For some months past, and up to 
^ the present moment, more than 10,000 gallons per minute, or 14,000,000 per twenty- 
** four hours, haye been pumped from the stratum of sand crossing these two shafts.^ 
— Mr. Stephenson^s Second Report to the Directors of the London, Westminster, and 
Metropolitan Water Company, p. 12, 1841. 

t Annoaire, 1835. 

X The tubes of these old works are apparently of oak. 
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height of the jet and the delivery of water, to be in the same 
state as wheu observed by Behdor more than a century since, 

There are a great number of Artesian wells in tlie Tertiary 
strata of Paris, and I am informed by M. Degouaee that they 
keep, relatively to the Seine, a level nearly constant, or of 
about 6 feet below the surface of the ground in the lowest 
parts of Paris ; — that he has not yet observed the slightest 
difference in the natural level of the water ; — that even in 
wells constructed twenty years since, he has never had occa- 
sion to shift the pumps, although the number of wells have 
multiplied a hundred-fold (centuple). In the neighboarhood 
of Paris several wells have ceased to flow, but that is gene- 
rally owing to defective construction, or to the tubes be- 
coming clogged with sand.* Under, however, proper condi- 
tions, the yield generally continues as good as at first. M. 
Degous^e, writing in 18i7, mentions, also that at Meaux he 
sank, between 1833 and 1838, eight wells, in the yield of 
which no variation baa since been perceptible, -f- 

At Tours the increase in the number of the Artesian 
wells diminished for a time the supply of some of the older 
wells, but for the last eight years not the slightest cJiange has 
been perceptible in their yield of water. At ElboBuf there 
has been, T believe, a greater variation, but I do not know 
to what extent. M. Hericart de ThuryJ also mentions several 
cases confirming generally the permanence of the supply from 

I* " Qnelqne foii nn peu d'ensablement n eu lieu il \a hsM da In eolomiF d*iucen- 
doDiinaisUB toujaurB miffit &'j deicendre unc goupage retinuit leasable! potir rendrc 
anx puitB leor ^onlement DDrmiLl." h. DegDiu^, 18£1. 
t He likewise remarks, — " Una giande pajtie des puits art^iena que j'ai &it ont 
mgnient^, ct qaelques nns out double de prodoit, D'aotres onC subi de gmndes di- 
BunntioDi proveuant de rftablinscmeiit dans la mtme locality, de nouveaux Bondages, 
BTec lesgnels les premien le aont oils en fqullibre de niveau ot de qnoutit^ \ lea an- 
dtaa pniU iioU'i qui out ^cment dtmiau^, tant ceux exkcaxi^ par moi qne par 
d^uCrei sondeurs, sont aasez nin», et la cause de cet aMbltsBement doit en tVe attri- 
bn£e a li cralnte qa\nit eu les propri^tairea de fain lei d^penses niccsiaiies a leiir 
bonne confection. Nul douteque s'ila £taient r^piii£a,i1s ne leprisaent lour econlemen't 
primitit" Guide, p. 184. 
HI- 
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these sources. The well of Grenelle continues now to 
deliver the same quantity of water as at first. 

172. Although the level of the water in the deep wells 
in London has fallen so much, the variation at a short dis-^ 
tance from this centre has been comparatively small ; in 
Essex it appears to be trifling, and in many places imper- 
ceptible ; at Garrett, Merton, and Tooting the difference 
during the last twenty years has not amounted to more than 
a few feet ; at Edmonton and Waltham Abbey to still less. 
At Cambridge, when it is considered that the number of 
Artesian wells in so circumscribed an area is estimated from 
600 to 800 or more,* the fall of 10 to 12 feet, which is 

Tertiary strata, and was bored in 1775. Writing in 1829, he observes, — ^''Depuis, I'eau 
s'est constamment maintenuede huita dix metres an dessous du sol:** and of a well 
in the Rue de Bondy, sunk in 1780, — ^ Au moment du percement du dernier banc de 
gres, Teau jaillit par-dessus la tete des ouyriers ; mais elle s'abaissa ensuite peu-a-peu, 
et depuis elle n'a jamais yari6 et se maintient a fleur de terre/* Another well, at the 
glaciere de Gentilly, constructed in 1818 ; — a bore of 19 metres,^ fit jaillir les eaux 
jusqu*a la sur&ce du sol, elles se sent depuis constamment maintenues a 0*60'" en- 
yiron, au dessous de la margelle/* Again, — '' II existe a Lillers un puits for6 ^tabli, 
dit-on, en 1 126, dans Pancien couyent des Chartrenx, et qui n*a jamais yari6 dans 
le beau volume d*eau qu*il donne au-dessus de la sur&ce de la terre. Outre ce puits, 
on en compte plusieurs autres a Lillers. La profondeur yarie depuis 10 jusqu'H 20, 
30, et 40 metres. Les eaux sont dans la partie sup6rieure de la masse de craie ; 
elles sont d*excellente quality et ne pr^sentent aucune variation." ^ Rapport sur 
les Puits Artesiens," &c. 

* Mr. Deck, on the authority of a builder in large practice, and of local well- 
diggers : he further mentions, — 

^ In 1812 the first Artesian well was made in Cambridge, the water then was pro- 
pelled from the bore nearly 4 feet from the surface ; a succession of bores since made 
rapidly reduced the flowing above the surface, and as a very lai^ proportion of water 
used in the town is now derived from this source, the water stands in the wells from 
6 to 12 feet below the surfisu^e. I am not aware of any nearer than 8 feet : a good 
supply is to this point obtained. The number of bores cannot well be estimated — 
certainly above 500. The nearest position at which the stream flows above the sur- 
face is at Barton about three miles from Cambridge, in a direction nearer to the sur- 
frice source, from whence the Lower Greensand is supplied. For the last six years a 
bore 3 inches in diameter has, without any apparent flitctuoHon^ discharged a conti- 
nuous stream 3 feet from the surface. The Barton water is much impregnated with 
iron. In the same direction twelve miles further towards the source, at the village of 
Whaddon, is a bore from whence is discharged, from an iron pipe, 3^ inches in dia- 
meter, 6 feet from the surface, a continued and forcible stream of water, rising by its 
impetus 12 inches above the aperture of the pipe, and dischai^g from 20 to 30 
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said to have taken place during the last forty years, is rather -I 
an indication than otherwise, of the great water capacity of 
the Lower Greensand formation, even bo near its outcrop 
and where the difference of surface level is so small. Bnt 
still this excessive local dranght does not affect the overflow 
from an Artesian well at a distance of three miles, and that 
in the direction in which the waters travel undergronnd.* 

It is probable, that as the force of projection is rather 
limited, the tubes become partially blocked up with sand, 
which impedes the full rise of the water, within a short time 
after the construction of the wells : the slight extent to 
which this operates shows, however, how strong the head of 
water must be. It even seems to me very doubtful whether 

g&lloDg per mmute of very eiceUeot water. No diminuliDD bus been observed at any 
period cpfdiy or wet weatber, except ivlien a bore wa% made at Ainngton,' about four 
miles distant from Whaddon. This atream riaeB 5 feet above the surface from a bore 
4 inches in diameter, and the water has fprniginoua impregnations. The Whaddon 
bore baa been made upwards ot twelve j-eats." 

* As na instance of a permanent water-level in a deep Artesian well, drawing its 
nppUes from the cbalk, and as an exlremot; well-designed application of the system, 
I would refer to the Artesian well suggested by Captain Jntnes, nn good gcalegicol 
data, to remedy the want of fresh water experienced at the Blockhouse Fort, Ports- 
mouth. As tbis fort stands on a slip of land projec^ug into the harboor, it is nearly 
mrrounded by the sea, and is only a few feet above the level of high tide. Qreat 
care was conscguentty necessary to keep out the salt water, which was accomplished 
hy means of iron cylinders j and after boring through between SOD and 60D feet of 
Tertiary strata (very mncb the same as the lower part of lbs series at Alum Bay in 
the Isle a( Wiglit), and a few feet Into the underlying chalk, a spring was nached 
from which the water rose to from within 4 to 6 tect nfthe surface. 1 am inlbrmad by 
Captain James that it has steadily maintained that level since (1846), although 
ether Artesian wells have more recently been sunk at Portsea : that the supply is 
■hnndant and of good quality ; and also that the action of the tide on the well is m- 
morkable, the water tailing and rising 1 foot, bnt not until tiree hours later than the 
ebb and flow of the tide at Portsmouth itselE This must depend upon the ontcrop of 
the chalk in the sea off Culver Cliff in the Isle of Wight. 



1> In a subsequent letter Mr. Deck states, " that the diminution of water, observed 
■t Whaddon, by the boring of this well, was shortly afterwards increased to its 
original strength, and has remained so the last eight years;" that the many wells bored 
at Cambridge have had no effect upon the Barton overflowing one ; " the abstraction 
(■tCambridge)mustbeveiygre8t,andTOrji(irt&, lyanyrfiBHSHftoB is observed; if much. 
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the fall at Cambridge actually exceeds 2 or 3 feet, or if so 
much ; for on further inquiry, I find that in two instances 
of wells recently bored, the water in both cases rose at first 
above the surface. In no instance has a well been known to 
be pumped dry, even by pumping for hours at fires, &c. 

Some Artesian wells have even increased their supply ; 
instances occur both in this country and in France. In one 
case there was an increase, in the course of a few months, 
from 25 to 75 cubic metres, and ultimately to 120 in the 
twenty-four hours.* 

173. It has been a question whether an increase in the 
number of the wells within a limited area would lead to 
a corresponding increase in the total quantity of water ob- 
tained. It is proved that in some of the older and more 
compact strata in which the water is held in fissures, the 
delivery is but very little increased by multiplying the wells. 
But this is not the case with loose arenaceous strata. At 
Cambridge I am informed that the supply in the wells re- 
mains the same, that it does not appear to diminish, 
although numerous fresh bores are constantly made. 

* In the Philosophical Transactions for 1785 (yol. 75, p. 1) is a paper of Dr. 
Erasmus Darwin, entitled*' An Account of Artificial Springs of Water/* and contain- 
ing some interesting observations bearing upon these questions. At a distance of half 
a mile from Derby, and on a level 4 to 5 feet higher, is " St. Alkmund's well.^ 
Observing that the strata of red marl rose in that direction, and having a bad supply 
of water at Derby, Dr. Darwin conceived that, by boring to a certain depth, he 
should find the same spring which supplied St. Alkmund's well He accordingly 
bored 51 feet, and at that depth obtained a supply of water which flowed 1 foot over 
the surface, at the rate of 2 hhd* per day. Dr. Darwin thus continues, ^ The new 
water has now flowed twelve months, and, as far as I can judge, is already increased 
to almost double the quantity in a given time ; and from the rude experiments I 
made, I think it is now less replete with calcareous earth, approaching gradually to 
an exact correspondence with that of St. Alkmund^s well, as it probably had its 
origin between the same strata of earth.** He then proceeds to make some sound 
and good remarks on the effects of the elevation of the land, and the tilting up of 
strata on hill sides ; on the infiltration of water and its issue in the form of springs ; 
and concludes that '' it is probable that the older and stronger springs are generally 
the purer,** and also that springs may widen their channels and become larger. I 
find that he also treats Artesian wells as " artificial springs of water.** 
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In a well bored into the Lower Tertiary sands at St. Ouen 
near Paris, a jet of water was obtained furnishing about 26,000 
gallons in the twenty-four hours ; another well was afterwards 
made in the same strata, and at a distance of 170 feet from 
the former one; and M. Hericart de Thuiy observes in 1829, 
the "jet of water (at this well) gives about double the 
" quantity obtained from the same spring at the first well, the 
"delivery from which has, however, experienced no diminution." 
The instances, before mentioned, to ahow the permanence of 
water-level, are proofs of the same fact. 

1 74. In conclusion, I consider, that, under proper restric- 
tions against its indiscriminate use, and with a due regard to 
the construction of the tubes and their maintenance in good 
condition, the supply of water from the Greemands may 
he permanent and continuous. In fact, the operation of th« 
system would tend to ensure stability ; for the underground 
currents of water would form for themselves, in process of 
time, channels as fixed and <lefinite as those in which the 
waters flow on the surface of the land. But to obtain such a 
result, it ia as necessary underground as above ground, that 
the same volume of water should continue to circulate in the 
eame chanuela, so as to maintain a constantly equal eroding 
force ; otherwise, as in rivers, a decrease in the volume of 
water will lead to a silting up of the channels.''^ (See § 15.) 

With the constant and uniform flow of springs issuing along 
lines of fissure on the fractured surface of the earth, we are 
well acquainted; many of them are but natural Artesian wells 
(see Appendix B). No diminution is known in their deh very, 
and no appreciable difference has been detected in their 
quality. They have flowed for ages past, and promise to 

' 1 cannot too strongly insiit upon tho uDportoiice of iFguLttitig und restrictiDg 

tiie BUpply ; for large oa I believe it would proye to be, etill an iadiKriminnte nae 

of it wonld ncceeearilj, nflet a time, destroy il9 peraianence and Talue. Under 

I ft propedy adjiuted sjilem all llie tnbea should deliver at the lame hei);)it, niher- 

l-wiie the lower onei tvould gain power at iLe eipenie of the others. 
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flow for ages to come, with the same power and volume, 
and are to be placed amongst those beautiful provisions of 
natural laws designed for our permanent use and advantage. 
They are apparently subject to no greater variations than 
rivers, and apart from the inevitable changes accompanying 
physical action on the surface of the earth, are as durable 
as other like operations of nature. 

175. If such be the resulting phenomena of a like class of 
causes naturally, I apprehend that by means of a well re- 
gulated system of adjustment, an equilibrium equally well 
maintained may be established artificiaUy, and with a 
prospect of equal permanence. Indications of such stability 
we have already perceived in the Artesian fountain of Lillers, 
which dates from the twelfth century ; and still more, if 
Lamartine be correct, in the fountains of Solomon at Tyre. 
It is even not improbable that many of the old and cele- 
brated wells of the East may prove to be Artesian, — true 
artificial springs in permanence and excellence of supply.''^ 
The failure of the system, when the above-mentioned laws 
have been disregarded, cannot be considered as an argu- 
ment against its durability ; for even in those constructions 
on the surface, designed for the same object, and under our 
immediate and constant inspection, the revolution of ages 
brings about changes equally great. If 

* The art of their construction having been known to the Ancient Egjrptians, may 
haye been practised by them or their contemporaries in many parts of Asia, where 
it has been now lost for many centuries. The Chinese have long been acquainted 
with the system of Artesian wells. 

t The destractive effects of time are not more apparent in the simple Artesian 
wells of the ancient Egyptians than in the massive aqueducts of the more modem 
Romans. Many of the old wells in Egypt are even yet in a state which admits of 
restoration. Aymet Bey has, since 1830, removed at several places the obstructions 
which encumbered them, supplying desert tracts with water, and bringing back a 
population as of old. The construction of these wells he dates back nearly 4000 
years. Annales de Chimie et de Physique, Vol. LXXI. p. 201, 1836. 



APPENDIX A. 



On the Artesian Wdh in the Tertiary and Cretaceous districts 

of the North of France. 

In the old county of Artois, and the adjacent tracts of the 
North of France, Artesian wells have long been in common use. 
Although known at a few other places, it is only since the 
coipmencement of this century that they have become general 
elsewhere in France, and in other countries of Europe.* 

The greater number of these wells in that district derive 
their supplies from the upper beds of the chalk ;•(• — this for- 
mation being very generally overlaid by the clays and sands 
of the Lower Tertiary strata, which rarely attain any great 
thickness, and are on the whole impervious, although con- 
taining occasionally subordinate water-bearing beds. These 
circumstances render the construction of such works in that 
country easy and expeditious.^: 

In other parts of France, and more especially in the D6- 

* Cassini, in the beginning of the 18 th century, notices Artesian wells at Modena 
and Bologna, also at Vienna where they have long been employed. 

+ The chalk extends from the frontiers of Belgium on the north, to within a few 
miles of Poitiers and Bourges on the south ; and from Troyes and Rethel on the 
east, to Le Mans and Havre on the west. Throughout a large central portion of 
this extensiye tract it is, however, covered by Tertiary strata, and it is within their 
area that Paris is situated — an exact counterpart of the position of London. Vienna 
is also placed in the midst of a Tertiary area. 

X M. Hericart de Thury states that M. Degons^e commenced an Artesian well (in 
Tertiary strata overlying chalk, at Pontes, Pas de Calais) at six in the morning, and 
finished it at three the same day, at a depth of 20 metres.' The jet of water rose 2 
metres above the surface, and supplied 400 litres per minute. ^Rapport, etc.,^' 1831, 
p. 13. 

« 1 metre = 3'2808 feet. 10 litres = 2*201 gallons. 
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partement du Nord, as the chalk and the members of the 
Lower Cretaceous series, which are there very thin and 
unimportant, rarely yield a sufficient supply of water, it is 
generally necessary to sink through these strata (200 to 600 
feet thick) down to the sands and sandstones of the carboni- 
ferous or other older rocks, to obtain the requisite supply.* 

In the neighbourhood of St. Quentin, however, the Ar- 
tesian wells derive their supplies from the Greensands. The 
wells are numerous, and M. D'Archiac observes in 1843 
that, " Since their establishment the volume of ivater which 
^' they supply has not sensibly diminished, and that no inter- 
" mittance has been noticed.**'*!- In the D^partement of jthe 
Somme there ai*e a number of Artesian wells in the chalk. 

South of Amiens the Tertiary formations gradually set in, and 
increase in thickness and number as they trend towards Paris. 

The lowest division of this series consists of a variable 
deposit of clay (argile plastique) and sands. In these strata 
a considerable number of Artesian wells have been sunk in and 
around Paris.J Most of them yield a good, and many a very 
large, supply of water. In 1841, a well bored near Meaux 
to a depth of 44^ metres gave 1100 litres of water (243 
gallons) per minute. The jet rose 3i metres above the 
surface of the ground. Another at Brou on the Mame, 75 
metres deep, supplied as much as 2500 litres per minute (nearly 
800,000 gallons per twenty-four hours). It was constructed in 
1845, and cost 5000 francs. M. Degousee states§ this to be 
the most remarkable result yet obtained in the Tertiary strata 

* In this district these formations underlie the cretaceous series immediately, ^the 

whole of the Oolitic and Triassic series being absent. 

t Mem. Soc. Geol. de France, torn. v. p. 367. 

t The Tertiary deposits in France are far more varied than in England, consisting 
of numerous alterations of Calcareous rocks, sands, sandstones, marls, and fresh- water 
limestones. They present as many as five distinct water-bearing strata. None of 
them, however, are so important as the lowest, in which the supply of water is almost 
always abundant. 

§ Guide du Sondeur. Paris, 1847, p. 435-6. 
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around Paris. These, however, are extreme cases; but a 
supply of from 100 to 500 litres per miunte is not uncommoD. 
Some years since two wells weie bored at Epinay, to a 
depth of 67 metres, only 1 metre apart ; one gave 36,000, and 
the other 40,000 litres in the twenty-four hours. At St. Denis 
300,000 litres per twenty-four hours was obtained from an 
Artesian well, but the supply has since diminished. 

As a general rule, notwithstanding the number of these 
wells in the Tertiary strata, their yield of water remains com- 
paratively unchanged, except when interfered with by defective 
construction, or by the tubes becoming clogged with sand, — 
both causes not unfrequently in operation (see notes p. 190), 

Up to a late period alt the numerous Artesian wells of 
Paris and its neighbourhood were confined to some of the 
water-bearing beds overlying the chalk, but the quantity of 
water from these sources having been found insufficient for 
some of tlie large public establisliments, and the chalk itself 
in the Paris district not affording any HU])ply of water,* the 
municipality of Paris resolved to bore through that formation, 
and seek for water in the underlying deposits. Some pre- 
cedents already existed for such an undertaking, as in 
many places nearer the borders of the chalk district, as at 
Elbffinf, Tours, and St. Quentiii, Artesian wells had been 
minlt successiully through this forniation.-|- 

The works were commenced in 1833, at the abattoir of 
Grenelle, and were continued, but with several long interrup- 
tions,! '^^^'' 1841, when at the great depth of nearly 1800 
feet, the water-bearing strata were reached, and a column 
of water, capable of being carried to a height of 120 feet 
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veral unaucceajfiil altempta liad pravioualy hem made in tha mighbonrhood 
B to obtain water by ArteBinn wclla within tie thalk. One of tie principal 
( was at SnreBne, where tlie wnrka were carried to a depth of 170 metre*. 
1845 M. D'Archiac elated that Uiere wete then HO deep Atteaian vella in 
heloiv the chalk. 
t At the end of 1H35 Ihc boie had already reached a deptli of 1300 feet. 
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partement du Nord, as the chalk and the members of the 
Lower Cretaceous series, which are there very thin and 
unimportant, rarely yield a sufficient supply of water, it is 
generally necessary to sink through these strata (200 to 600 
feet thick) down to the sands and sandstones of the carboni- 
ferous or other older rocks, to obtain the requisite supply.* 

In the neighbourhood of St. Quentin, however, the Ar- 
tesian wells derive their supplies from the Greensands. The 
wells are numerous, and M. D^Archiac observes in 1843 
that, '^ Since their establishment the volume of ivater which 
'^ they supply has not sensibly diminished, and that no inter- 
" mittance has been noticed.'^'f In the D^partement of jthe 
Somme there are a number of Artesian wells in the chalk. 

South of Amiens the Tertiary formations gradually set in, and 
increase in thickness and number as they trend towards Paris. 

The lowest division of this series consists of a variable 
deposit of clay (argile plastique) and sands. In these strata 
a considerable number of Artesian wells have been sunk in and 
around Paris.J Most of them yield a good, and many a very 
large, supply of water. In 1841, a well bored near Meaux 
to a depth of 44^ metres gave 1100 litres of water (243 
gallons) per minute. The jet rose 3i metres above the 
surface of the ground. Another at Brou on the Marne, 75 
metres deep, supplied as much as 2500 litres per minute (nearly 
800,000 gallons per twenty-four hours). It was constructed in 
1845, and cost 5000 francs. M. Degousee states§ this to be 
the most remarkable result yet obtained in the Tertiary strata 

* In this district these formations underlie the cretaceous series immediately, the 

whole of the Oolitic and Triassic series being absent. 

t Mem. Soc. Oeol. de France, tom. v. p. 367. 

t The Tertiary deposits in France are far more varied than in England, conaisting 
of numerous alterations of Calcareous rocks, sands, sandstones, marls, and fresh- water 
limestones. They present as many as five distinct water-bearing strata. None of 
them, however, are so important as the lowest, in which the supply of water is almost 
always abundant. 

§ Guide du Sondeur. Paris, 1847, p. 436-6. 
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around Paris. These, however, are extreme cases; but a 
supply of from 100 to 500 litres per minute is not uncommon. 
Some years since two wella were bored at Epinay, to a 
depth of 67 metres, only 1 metre apart ; one gave 36,000, and 
the other 40,000 litres in the twenty-four hours. At St. Denis 
300,000 litres per twenty-four hours was obtained from an 
Artesian well, but the supply has sinee diminished. 

As a general rule, notwithstanding the number of these 
welJs in the Tertiary strata, their yield of water remains com- 
paratively unchanged, except when interfered with by defective 
construction, or by the tubes becoming clogged with sand, — 
both canses not unftequently in operation (see notes p. 190). 

Up to a late period all the numerous Artesian wells of 
Paris and its neighbourhood were confined to some of the 
water-bearing beds overlying the chalk, but the quantity of 
water from these sources having been found insufficient for 
some of the large public establishments, and the chalk itself 
in the Paris district not afiwrding any supply of water,* the 
municipality of Paris resolved to bore through that formation, 
and seek for water in the underlying deposits. Some pre- 
cedents already existed for such an undertaking, as in 
many places nearer the borders of the chalk district, as at 
Elbceuf, Tours, and St. Quentin, Artesian wells had been 
sunk successfully through this formation, -f 

The works were commenced in 1833, at the abattoir of 
Grenelle, and were continued, but with several long interrup- 
tions,J until 1841, when at the great depth of nearly 1800 
feet, the water-bearing strata were reached, and a column 
of water, capable of being carried to a height of 120 feet 

* Several nnsucceasflil attempts had previously been made in the DeigfabDorhood 
of Paria lo obtain watei bj Artesian wells within the chalk. One of the principal 
of thcee was at Suresne, where the wdtIib were carried to a depth of 170 melies. 

t In 1845 M. D'Arcblnc stated thai there were then liO deep AiteBian wells in 

tl below the chnlk. 
X At the e'ld of Inaa the bare had already reached a depth of 1300 leet. 
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partement du Nord, as the chalk and the members of the 
Lower Cretaceous series, which are there very thin and 
unimportant, rarely yield a sufficient supply of water, it is 
generally necessary to sink through these strata (200 to 600 
feet thick) down to the sands and sandstones of the carboni- 
ferous or other older rocks, to obtain the requisite supply.* 

In the neighbourhood of St. Quentin, however, the Ar- 
tesian wells derive their supplies from the Greensands. The 
wells are numerous, and M. D^Archiac observes in 1843 
that, '^ Since their establishment the volume of ivater which 

they supply has not sensibly diminished, and that no inter- 

mittance has been noticed."f In the D^partement of jthe 
Somme there are a number of Artesian wells in the chalk. 

South of Amiens the Tertiary formations gradually set in, and 
increase in thickness and number as they trend towards Paris. 

The lowest division of this series consists of a variable 
deposit of clay (argile plastique) and sands. In these strata 
a considerable number of Artesian wells have been sunk in and 
around Paris.J Most of them yield a good, and many a very 
large, supply of water. In 1841, a well bored near Meaux 
to a depth of 44i metres gave 1100 litres of water (243 
gallons) per minute. The jet rose 3i metres above the 
surface of the ground. Another at Brou on the Mame, 75 
metres deep, supplied as much as 2500 litres per minute (nearly 
800,000 gallons per twenty-four hours). It was constructed in 
1845, and cost 5000 francs. M. Degousee states§ this to be 
the most remarkable result yet obtained in the Tertiary strata 

* In this district these formations underlie the cretaceous series immediately , ^the 

whole of the Oolitic and Triassic series being absent. 

t Mem. Soc. Geol. de France, torn. v. p. 367. 

X The Tertiary deposits in France are far more varied than in England, conaisting 
of numerous alterations of Calcareous rocks, sands, sandstones, marls, and fresh- water 
limestones. They present as many as five distinct water-bearing strata. None of 
them, however, are so important as the lowest, in which the supply of water is almost 
always abundant 

§ Guide du Sondeur. Paris, 1847, p. 436-6. 
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around Paris. These, however, are extreme cases ; but a 
supply of from 100 to 600 litres per minute is not uncommon. 
Some years since two wells were boied at Epinay, to a 
depth of 67 naetrea, only 1 metre apart ; one gave 36,000, and 
the other 40,000 litres in the twenty-four hours. At St. Denis 
300,000 litres per twenty-four hours was obtained from an 
Artesian well, but the supply liaa since diminished. 

As a general rule, notwithstanding the number of these 
wells in the Tertiary strata, their yield of water remains com- 
paratively unchanged, except when interfered with by defective 
construction, or by the tubes becoming clogged with sand, — 
both causes not nnfrequently in operation (see notes p. 190). 

Up to a late period all the numerous Artesian wells of 
Paris and its neighbourhood were confined to some of the 
water-bearing beds overlying the chalk, but the quantity of 
water from these sources having been found insufficient for 
some of tlie large public establishmenta, and the chalk itself 
in the Paris district not affording any supply of water,* the 
municipality of Paris resolved to bore through that ibrmation, 
and seek for water in the underlying deposits. Some pre- 
cedents already existed for such an undertaking, as in 
many places nearer the borders of the chalk district, as at 
Eibojuf, Tours, and St. Quentin, Artesian wells had been 
sunk Bucceasfiilly through this formation. f 

The works were commenced in 1833, at the abattoir of 
Grenelle, and were continued, but with several long interrup- 
tionsjj until 1841, when at the great depth of nearly 1800 
feet, the water-bearing strata were reached, and a column 
of water, capable of being carried to a height of 120 feet 

* Several unsuccessful altempta had previoualy been made in the aeighbourbood 
of Psria to obtain tvater by Aitesiaii wcUa within the cliajk. One of the principal 
of these was at Suresnc, where tlie worke were carried to a depth of 170 metres. 

t In 1845 M. D'Arcblic Etnted that there were then RO deep Aiiesian welli in 

t--llietoiy thechnlk. 
t At the end of 1BH5 Ihf^ bore had already reached a depth of 1300 feet. 
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partement du Nord, as the chalk and the members of the 
Lower Cretaceous series, which are there very thin and 
unimportant, rarely yield a sufficient supply of water, it is 
generally necessary to sink through these strata (200 to 600 
feet thick) down to the sands and sandstones of the carboni- 
ferous or other older rocks, to obtain the requisite supply.* 

In the neighbourhood of St. Quentin, however, the Ar- 
tesian wells derive their supplies from the Greensands. The 
wells are numerous, and M. D^Archiac observes in 1843 
that, '' Since their establishment the volume of water which 

they supply has not sensibly diminished, and that no inter- 

mittance has been noticed/^f In the D^partement of .the 
Somme there are a number of Artesian wells in the chalk. 

South of Amiens the Tertiary formations gradually set in, and 
increase in thickness and number as they trend towards Paris. 

The lowest division of this series consists of a variable 
deposit of clay (argile plastique) and sands. In these strata 
a considerable number of Artesian wells have been sunk in and 
around Paris, j: Most of them yield a good, and many a very 
large, supply of water. In 1841, a well bored near Meaux 
to a depth of 44i metres gave 1100 litres of water (243 
gallons) per minute. The jet rose 3i metres above the 
surface of the ground. Another at Brou on the Mame, 75 
metres deep, supplied as much as 2500 litres per minute (nearly 
800,000 gallons per twenty-four hours). It was constructed in 
1845, and cost 5000 francs. M. Degousee states§ this to be 
the most remarkable result yet obtained in the Tertiary strata 

* In this district these formations underlie the cretaceous series immediately, — the 
whole of the Oolitic and Triassic series being absent. 

t Mem. Soc. Geol. de France, tom. v. p. 367. 

X The Tertiary deposits in France are fta more varied than in England, consisting 
of numerous alterations of Calcareous rocks, sands, sandstones, marls, and fresh- water 
limestones. They present as many as five distinct water-bearing strata. None of 
them, however, are so important as the lowest, in which the supply of water is ahnost 
always abundant 

$ Guide du Sondeur. Paris, 1847, p. 435-6. 
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around Pane. These, however, are extreme cases; but a 
supply of from 100 to 500 litres per minute is not uncommon. 
Some years since two wells were bored at Epinay, to a 
depth of 67 metres, only 1 metre apart ; one gave 36,000, and 
the other 40,000 litres in the twenty-four hours. At St, Denis 
300,000 litres per twenty-four hours was obtained from an 
Artesian well, but the supply has since diminished. 

As a general rule, notwithstanding the number of these 
wells in the Tertiary strata, their yield of water remains com- 
paratively unchanged, escept when interfered with by defective 
construction, or by the tubes becoming clogged with sand, — 
both causes not unfrequently in operation (see notes p. 190). 

Up to a late period all the numerous Artesian wells of 
Paris and its neighbourhood were confined to some of the 
water-bearing beds overlying the chalk, but the quantity of 
water from these sources having been found insufficient for 
some of the large public establishments, and the chalk itself 
in the Paris district not affording any supply of water,* the 
municipality of Paris resolved to bore through that formation, 
and seek for water in the underlying deposits. Some pre- 
cedents already esisted for such an undertaking, as in 
many places nearer the borders of the chalk district, as at 
Elbteuf, Tours, and St. Quentiu, Artesian wells had been 
sunk successfully through this formation.! 

The works were commenced in 1833, at the abattoir of 
Grenelle, and were continued, but with several long interrup- 
tionsjj until 1841, when at the great depth of nearly 1800 
feet, the water-bearing strata were reached, and a column 
of water, capable of being carried to a height of 120 feet 



* Several nnsuccesBful allempU Iiud previoutly been mnie in iIib neighbourhood 
I of Paris to obtain iTHtcr by Artesian trella witliin the chalk. One of the principal 
I of tbeee wai at Suresnc, where the works were carried to a depth of 170 metres. 

t In IM5 M. D'ArchL-ic stated that there were then HO deep Arlsaian wella in 
I mnd below the chalk. 

X At the cud uf 11135 the b^re had already reached n depth of 1300 feet. 
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above the surface of the ground, was suddenly projected.* 
The supply amounted to about 4,000,000 of litres, or 
881,884 gallons in the twenty-our hours; — the temperature 
of the water being nearly 82° of Fahrenheit.-f' 

M. Mulot informs me (April, 1850) that these conditions 
still remain unaltered. 

The strata traversed were as follows : — 

WMWI.i 

Drift, — Sand and gravel .... 33 

Lower Tertiary strata . ... 115 

Chalk with flints ^^^^^1394 

„ lower 246 S 

Calcareous sandstone, clays, and sands, 

ending with a bed of green-coloured sand . 256 

1798 

This well furnishes a valuable point of comparison with 
regard to the results which a similar undertaking in the vicinity 
of London might give. The surface of the ground at the well 
is 102 feet above the level of the sea. The French geologists 
consider the sands from which the supply of water is obtained, 
either as subordinate beds of the Grault, or as belonging 
to the Lower Greensand. They crop out in a zone of coun- 
try about 100 miles eastward of Paris, and range along the 
segment of a circle, of which Paris is the centre, from between 
Sancerre and Auxerre, passing near to Troyes, thence by St. 
Dizier to St. M6n6hould. The outcrop of this formation is 
continued some distance farther north ; it is also prolonged 
beyond Sancerre, south-westward towards Bourges, Chatel- 
lerault; — and then north-west to Saumur, Le Mans, and 
Alen9on, But the superficial areas which it occupies in 

* According to M. Rey the diameter of the tube at the top of the bore is 11 inches, 
and at the bottom 6'63 inches. 

t Walferdin in the Bulletin de la Soci6t6 G6ologique de France, Vol. X. p. 431, 
Vol. XI. p. 28, and Vol. XII. p. 166 ; but the fullest particulars of this well, with 
notices of several others in France, is given by M. Rey in the " Revue de la Province 
et de Paris,^* for December 1843, — a notice since published in a separate form. 

X Where the contrary is not mentioned, English measures are always employed 
in the tables and text. 
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r these latter districts do not appear to contribute to the water 
enpply at Paris, for the axis of elevation of Mellerault (which, 
according to M, B'Archlac, traverses the Cretaceous area in a 
north-west and south-east direction fronn Normandy to Bur- 
gundy) must intercept the subterranean passage of the water 
from the district south of that line ; — whilst on the north of 

Paris the anticHnal line of the " Pays de Bray," and some 

smaller faults in the Aisne, produce probably a similar stop- 
page with respect to the northern districts. The superficial 
area, therefore, from which the strata at the well of Gfrenelle 
draw their supplies of water, forms, on the east of Paris, a 
belt stretching from near Auxerre to St. Menehould, How 
far the more limited outcrop of those beds in Normandy 
contributes to this water supply is doubtful. 

The Lower Cretaceous formations in France differ con- 
siderably from their equivalents in England. They do not 
contain so great a proportion of sand as exists here. On the 
contrary, argillaceous strata with only subordinate arena- 
ceous beds predominate. The Upper Greensand is tolerably 
well developed, attaining in Normandy* a thickness of 40 to 
60 feet ; but on the east of Paris it is so thin and unimportant, 
that it can scarcely be separated from the chalk and gault. 
No water was obtained in this part of the series at Grenelle. 

The Gault in France retains much of the character it pos- 
sesses in England, but is not in general so thick, nor so uniform 
in its structure, for it not unfrequently seems to alternate 
with beds of clayey greensand. As a mass, however, it 

* M. de Cnumont. " Essal sur la Topographie G^gnostique 6ix i^ftaUment dQ Cal- 
Tadot." I am here asaumiiig that the bed which ia in that work deeciibed ae Lower 
Oreentand ia in reality our Uppei Greensand. It i> a very dark and pcniatcnt 
green sand, 40 feet thick at Canapville. At HennequeTille tlie gault ie 60 feet thick, 
and uverliei 20 feet of forruginnuB sandstone (Lower Oreengand ?). See S'Archiac, 
Mem. Sac. Gcol. de France. Snd. Ser. Vol. 2. p. 99—11)3. 

M. PasBf, in his " Description G^logique du d^partement de In Seine Inf^rieorc," 
auigns B thickneBi of 100 metres to the various divisions of the Lower Crotaceoiu 
Havre the Upper Greensand is 7 metres thick. 
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is argillaceous and impermeable.* In some places it would 
almost seem that the Gault passes into the Lower Green- 
sand by the preponderance of sands. But still it appears to me 
that there is a sufficient division between the two, the sands of 
the former being local and irregular, whilst those of the latter 
are more uniform and persistent, and present a true water-IeveL 
The Lower Cretaceous series has been divided by French 
geologists into the Grh vert and Terrain Neocomien. The 
latter, forming the lower and larger division, consists chiefly 
of clays, marls, and soft limestones, and presents an imper- 
meable base to the former, with which alone we are now 
concerned. In the north-east of France this subdivision 
(Gr^s verts, — the equivalent of part of the thick and im- 
portant mass of our Lower Greensand) is only rudimentarily 
developed, forming a bed of coarse ferruginous sand and grit a 
few feet thick. As it trends southward it gradually becomes 
thicker. In the department of the Aisne this deposit is, ac- 
cording to M. D'Archiac,-f- about 70 to 80 feet thick, and com- 
posed of green and yellow sands with subordinate clays, appa- 
rently in about equal proportions. In the neighbourhood of 
St. Dizier,:|: M. Cornuel assigns to it a thickness of about 75 
to 90 feet, of which about 40 consist of green, yellow, and 
ferruginous sands.§ In the " Aube" M. Leymerie|| describes 

* The ff^vXi varies considerably in its thickness, being frequently not more than 
50 to 60 feet thick. At Vitry le Franqais, M. Cornuel, reports that it (and the chalk 
marl ?) was pierced to the depth of 123 metres and not traversed. 

i* Memoires de la Soci6t^ G6ologique de France, Tom. V. See also the Papers 
of this author in the 3rd Vol. 1st Ser. and 2nd Vol. 2nd Ser. of the same Memoires, on 
the ^^ Formation Cretac^e,*' in which there is an excellent summary of the physical 
and palaeontological characters of this group. 

Z For the purpose of seeing the general physical characters of the Lower Creta- 
ceous in the north-east of France, I made, last summer (1850), an excursion through the 
districts of the " Haute Mame" and the " Aube j" it was, however, far too hasty to 
allow me to study details. My chief object was to observe the general characters of 
the country as compared with the aspect of our own Greensand districts. 

$ These are divided into two, by a thick bed of clay. In the note in tlie next 
page M. Cornuel alludes only to the upper 20 to 33 feet of sand. Memoires de la 
Soc. Geol. de France, Tom. IV. p. 229. 

II Ibid, Tom. IV. p. 291. 
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I the Lower Cretaceous series aa ] 30 to 200 feet tliick, and di- 
vides them into " argilea t^gulines, and grfes verts." The 
latter appear to possess a rather greater development thau in 
the Haute Marne, bat no exact details od that point are given. 
Proceediug further southward the sands become more varied, 
presenting whitish, yellow, and ferruginous beds, interstratified 
^^ with strata of green sands and clays. 

^^L In Normandy there is some uncertainty about the limits 
^^H of this group : it appears to vary &om about 10 to 60 
^^ feet. 

In the great Geological Map of France the whole series of 
beds, irom the base of the chalk to the top of the oolitic 
series, is, without distinction, coloured light green. It is, 
therefore, difficult to know what portion of this area, which is 

»a very large one, is occupied by the sands of the gr^s-verts, 
and forma the receiving surface by which the well at Cre- 
nelle is supplied with water. 

Owing to the very slight angle at which the strata crop 
out, the breadth of this zone on the Map is as much as 
from ten to twenty miles. A large portion of it is occupied 
by the Grault, and another considerable portion by the Terrain 
N^ocomien. M. Cornuel of Vaesy considers that the tract 
formed by the Lower Greensand alone is not more than 3000 
metres broad, and that, excluding the detached and un- 
productive parts, lOOO metres would probably represent its 
^neral and avaUable breadth-* Northward of this district 

• In a lellor recently received from M. Comnel, in answer to my inquiries, he pntB 
tbe caae very dearly in the following extract : — 

" J'ai demands i M. Roger, notra collegiia dc la Societt Gealopqne, ce quHI pen- 
nit dvB dimenaians ie I'affleuremeDt del mbles cert at jaunitie de Louremonl et 
AllichHmpB, Sic Dims tea reclierchss, il a reconnn conune moi guMl ^tnit tr^s difli- 
■ «ik d'anigner one liugeur conelante on pr^ciae a cetle effieucenient, en niiaon de ce 
■'4ae le lol eat tr^a deooupS pm lea toUods et tres convert par le fordts, le diluvium 
lens vigftale. 11 penie, at ja sui* de aan avia, que la largeur moyenne ne pent 
mlfm encoder 2,000 metrei, et qne c'eat pent-ltia duja beanconp. Cette targenr eat Uii 
liquet^ ou decoupis par lea formes eitirieurea dn aol ; c'eat-a-dire qu'ici les yal- 
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these dimensions decrease. If we take, therefore, an average 
breadth of 1000 metres, and a length of 140 miles, from 
between Auxerre and Sancerre, to St. M^nehould, it will 
give an area of 77 square miles. At its western outcrop in 
Normandy, from near Mortagne to Havre, this deposit is 
less important. At a rough estimate its superficial area may 
be taken as not exceeding 25 to 30 square miles ; and if we 
further take 10 to 15 square miles for its extent on the south 
side of the valley of Bray, we shall have a total of about 117 
square miles occupied by the exposed surface of water-bearing 
beds supplying the well of Grenelle. But a larger portion 
of these strata^ than in England, appears to me to be covered 
by drift, and thick vegetable soil. Judging from the general 
aspect of the two districts, and considering the allowances 
made here on that account, we may probably deduct 
(although this is little more than a mere guess) 47 square 
miles, leaving therefore the effective area represented by 70 
square miles.* 

The subterranean area in connection with these lines of 
outcrop may possibly be about 20,000 square miles ; and the 
average thickness of the sands of the Grh verts serving, in 
their underground range, as a reservoir for the water, does not 
probably exceed 30 to 40 feet. 

According to the Ordnance Map of France the height of 
the surface above the level of the sea, at some points of this 
Lower Cretaceous area, where it is traversed by rivers, is as 
follows : — 



Ions entament le sable et mSme Targile sous-jacente, tandls que le sable leste avec 
toute son epaisseur ou mSme se trouve recouyert par des lambeauz de Qault. II 
lesulte de ces accidents que la partie de Peffleurement des sables de la Haute 
Mame qui re^oit les eauz pluviales et les eauz courantes, et qui les conduit souter- 
rainement vers le centre du bassin de Paris, ne pourrait pas Stre representee th^o- 
riquement par un affleurement uniforme et rigulier de plus de 1 ,000 mitres de largeur 
cotutante; — '^ Je viens de &ire tout expres une course d^exploration dans notre region 
des sables pour mieuz me fixer sur ce que j^avais a vous dire/ 
* I believe that it will prove to be less than this. 
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Between these points the ground rises into low hills, rarely 
more than 50 to 150 feet higher than these valleys. The 
general height of this zone of country doeg not, therefore, 
appear to exceed 250 to 500 feet above the level of the sea, 
or we may possibly take it at an average of about 400 feet. 

M. Martin* considers that the mean average fall of rain 
in the inland parts of the north-western districts of France, 
(Climat S^qnanien) deduced from observations at Paris, 
Bruasells, Courtrai, Lille, Troyes, Den ain villi ere, Chartres, and 
Bourges, is 2['5 inehes (548'™) annually. At Paris, the mean 
annual fall is 22-2 inches (564"""). The quantity increases 
to some extent in proceeding towards the coast of the channel. 

The main contributing surface to the Crenelle well is, how- 
ever, chiefly to the eastward of Paris. The mean annual fall ' 
at four places, in or near that district, is as follows : 
Period of „„._ ^„ 



Chalons lur Mamo 



L 



Bonrgea 19 20*27 

It is evident from this table, that the fall of rain on that 
surface is several inches leas than on the area of the Green- 
sands in England. 

The water at the Grenelle Artesian well has continued 
since its opening in 1841, to Sow in undiminished power and 
quantity. At first it brought up so great a quantity of 
Band, that the tube was several times choked up by it, and 
even now it is not free from occasional, though rare inter- 
ruptions ; but the force of the column of water has always 
proved sufficient to clear its way after a short interval. It 

" PBtria, La France Hncienne el modemf," art. Mttiorologie. 
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now flows in a clear and continuous stream, and is carried 
by pipes to a reservoir near the Pantheon, whence it is 
distributed over the adjacent parts of the city, as well as 
along the line of the Boulevards from the Abattoir to the 
Observatory. By means of small branch pipes also the 
Ecole Militaire, the Invalides, and two or three other 
public establishments, are entirely supplied with this water, 
which is well aerated, pure, and wholesome. The 
aeration difiers, however, from that of river waters gene- 
rally, in containing more atmospheric air, and less carbonic 
acid. 

M. Payen states that this water is well suited for dietetic 
and domestic use, for boilers, for chemical purposes, &c.* At 
a more recent period MM. Boutron-Oharlard and Henry 
state, 'Hhat it had lost nothing of its purity and other 
good qualities.*!* 

I have annexed two analyses of this water by the above- 
mentioned chemists ; the one made shortly after its first 
flowing in 1841 ; and the other in 1848. They show a 
close uniformity in the total quantity of residue left by the 
evaporation of a litre of the water, and in the absence, in 
this residue, of the sulphates and chlorides of lime and mag- 
nesia ; but they difler essentially as to the respective quantities 
of the carbonates of those bases, — the carbonate of lime 
being three quarters and the carbonate of magnesia one 
half less in the second analysis than in the first.J The salts 
of potash, on the contrary, show a corresponding increase. 
(See p. 211). 

* Annales de Chimieet de Physique, 3me Ser. Tom. I. p. 381. 

t '* Analyse chimique dcs eaux qui alimentent les Fontaines publiques de Paris,^' 
1848. 

X The difference is in fact rather greater ; for MM. Boutron-Charlard and Henry 
calculate the carbonates as in the state of soluble bicarbonates, which increases the 
weights of those salts by about a third. In comparing their analyses with those of 
the other chemists it is necessary to bear this in mind. 
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'i'hia fine work was executed by M. Mulot, at a cost < 
363,000 francs, including two seta of tubes and all 
expenses.* 

At Elbceuf there are several Artesian wells varying in ileptt 
from 460 to 590 feet. As well as I can judge from the 
descriptions given of them, they seem generally to terminate 
in the Upper, and not in the Lower Greensand. In some of 
them the water rose 106 feet above the surface of the 
ground. The quantity is variable : in one case 300,000 
litres per twenty-four hours, and another 500,000 litres, were 
obtained. M. Girardin, whoso analysis of one of these 
waters, probably from theXJpper Greensand strata, is annex ed,-f- 
observes that " its limpidity is perfect ; that it dissolvea J 
soap readily, and boils vegetables perfectly well." I give M, 
Gjrardin's statement of the {juantity of saline matter in the I 
water of an Artesian well at Eouen ; but I do not know the ] 
particulars of the analysis, nor the stratum in which it ends. 
Some of the wells at Rouen reach the Oolitic series, from 
which a good supply of water is procured, but of a quality 
not so pure as that of the Cretaceous aeries. 

At Tours a large portion of the water supply is derived ■ 
from Artesian wells. The chalk is there from 200 to 300 feet I 
thick, and, beneath it, is a series about 300 feet thick of ' 
alternating beds of sand, clays, and green sands, in which as 
many as eight water-levels have been found. By uniting 
these several sources, one of these wells furnished 4000 litres 
per minute. The water rose at first from 20 to 25 feet above 
the surface ; but this rise is since reduced. M. Dujardin's 
analysis of this water, which he states to be very good and 
■well aerated, is annexed, (p. 2ll.)J 

• The copper tubes were first used, and afterwards replacud with others of gal- 
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: M. Hericart de Thury, " Rapport, eli." 1831, p. So. The nnalj-sif 
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A few other Artesian wells carried through the chalk 
might be mentioned : I will however allade to but one more, 
which has been made at Calais within the last few years. 
From its proximity to England it is of great interest, espe- 
cially as it presents conditions strikingly resembling those 
which would probably be found to exist at London, and 
may be viewed, although unsuccessful in furnishing a supply 
of water, as a criterion of the difficulty and expense greater 
than would attend such an undertaking here.* 

The following is a section of this well.f 



Sands, gravel, and shelly sands, — recent ... 80 

Lower part of the Teriiaty strata, consisting of beds 

of clay, greenish sands, and pebbles . . . 161 

Upper chalk ..... 300 ) ,~m 

Lower chalk ...... 462 > 

Hard chalk with green particles .... 3 

Dark bluish grey clay ..... 26 

Hard compact green sandstone (16 feet), and clays . 66 

Calcareous beds — particulars not given, ending with 

the shales and sandstones of the coal measures. . • 40 



1,138 



No water rising, the work was abandoned.J 

The bore was begun in 1842, and carried to a depth of 
1,047 feet in the course of the first year and a half. It would 
have occupied less time, had it not been for delays in the 
arrival of the necessary apparatus. The large size and num- 
ber of the round flint pebbles in the Tertiary strata, and 
the hardness of some of the beds of the chalk, also much 
retarded the work. The total expense, up to this time, 
amounted to 48,500 francs, apart from the cost of the 

* From a cursory examination of the geology of that district, I believe that this 
failure is owing to a line fault of considerable magnitude passing between Calais and 
Sangate, and running in an east- south-east direction towards St. Omer. 

f Almanach de Calais, 1845. Specimens of the strata are preserved in the Museum 
of that town. 

X In the chalk itself a very trifling quantity of water was found at the depth of 95 
and 260 jnetres ; but it did not rise to the surfiEice, and produced only 80 litres per 
minute at the utmost. The first pumpings were always brackish. 
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^^B temporary tubes whicli came to 18,471 franca more. Had 

^^B the work been gaccesaful, the engineer, M. Mulot, would 

^^M have beeD entitled to these tubes together with an addition 

^^P of 10,000 francs ; consequently the expense of the work, 

necoBsary to have obtained the hoped-for supply of water at 

this depth, would not have exceeded 3,100A A further sum 

of 12,000 franca was afterwards voted, and the works were 

carried, still without success, down to 1,150 feet — a depth, I 

believe, more than sufficient to reach the Lower Greensaud at 

London — at a total expense of 3,600?. 

As a meaaure of comparison with the Artesian well waters, 
I have, in the table, p. 211, given the analysis of the waters 
of the Seine and the Marne, taken near tho junction of 
these rivers at a short distance above Paris. The water of 
the Seine, supplying the water works at Paris and taken 
from it at different places in ita course through the city, gives 
upon analysis an intermediate amount of solid residue. A 
number of other smaller sources contribute also to the BUpply 
of Paris. Tlie water of none of them is so good as that 
of the Seine itself at Ivry, and the greater number do not 
equal the water of the Mame. For further particulars of 
these waters aee the work before quoted of MM. Boutron- 

•Charlard and Henry. , 

M. Girardin observes of the Artesian well waters of 
Prance, " Aprfes les eaux de pluie, les eaux des puits Artesiens 
&ii jailUssans sout les plus puree; elles sont gcn^ralement 
ahoudautes, et moins riches en sels que les eaux des rivieres 

^^^ Artesian well waters, besides being employed for domes- 

^^^^io uses, have been applied iu France to a number of econo- 

^^^ mical purposes, as for moving power for mills, factories, and 

hydraulic machines, — for warming large buildings, for public 
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wash-sbeds, for irrigation on a large scale, for fish-ponds, 
— in plantations of water cresses, paper-making, and the 
weathering of flax. The uniform temperature and limpidity 
of such waters render them of considerable advantage for 
many of these objects. 

For other particulars in reference to Artesian wells in 
France, and for the discussion of the question generally, I 
would refer the reader to the works of M. Hericart de 
Thury, (see p. 10), to the scientific notice of M. Arago 
in the "Annuaire du Bureau des Longitudes^' for 1835, 
*^ Sur les puits for^s, connus sous le nom de puits Artesiens, 
de fontaines Artesiennes, ou de fontaines jaillissantes ;" 
and to the excellent practical work of M. Degousee, — the 
" Guide du Sondeur," 
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APPENDIX B. 

On Springs arising from Faults^ and their Analogy to 

Artesian wells. 

We have had occasion in the body of this work to discuss 
the theory of springs in those sedimentary formations, where 
the strata consist of loose permeable sands, as well as in one 
in which they are more solid and compact, and transmit water 
by percolation through fissures. In both these cases the 
question was considered on the supposition that the strata 
were undisturbed by faults ; but if this element be introduced, 
the question becomes more intricate. These three conditions 
of the strata embrace almost all the phenomena presented by 
ordinary, as well as by thermal springs; — those owing to 
volcanic agency, and in some igneous rocks, excepted. 

This third condition may be considered under two heads, 
accordingly as the fault affects loose and arenaceous, or solid 
and compact, strata. 

1 . To continue the illustration by referring to strata with 
which we are acquainted, and confining our attention to a 
single fracture only,* let a line of fault, attended with a dif- 
ference of level on either side of the fracture of 1 00 feet, be pre- 
sumed to run through the centre of the Tertiary district. As 
this gives a depth exceeding the average thickness of the 
Lower Tertiary sands, their continuity would necessarily be 
completely interrupted by such an amount of disturbance (see 

* In disturbed districts faults are generally very numerous, and then the question 
becomes complicated accordingly. For a practical illustration of the difficulties at^ 
tendant upon such a case I would refer to the valucible Report of Mr. Robert Ste- 
phenson on the supply of water to Liverpool, March, 1850. 
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fig, 16, p. .'52). Supposing now that the portion of tbiB 
deposit (i), to the riglit of the figure, reaches the surface at a 
distance of a few miles from the fault and at a higher level 
than the ground at this spot, the consequence will he 
that the water received at the outcrop of the sands, J , will 
penetrate as far as the line of fault and there be stopped or 
dammed back by coming into contact with the impermeable 
strata of the London clay, a, 

A line of fault is one of forcible fracture, and the edges of 
the disjointed strata must have formed uneven and jagged 
surfaces, varying according to the texture and hardness of the 
beds and the lithological character of the different formations 
which the fault traverses ; and as these truncated surtaces 
are shiflied out of their true position, they necessarily will 
not fit one to the other. If the movement were merely 
one of vertical displacement, irregular spaces would be left 
between the walls of the faults, varying in proportion to the 
roughness of the broken surfaces. But these disturbances 
exhibit also the powerful efforts of solid masses, such aa 
portions of the crust of the earth, to adapt themselves to 
smaller horizontal areas, and consequently the strata have either 
been bent into flexures and anticlinal ridges, or have been 
fractured and tilted into a variety of new positions at dif- 
ferent levels, accompanied by very great lateral pressure ; — 
the extreme force, with which the fractured edges of the 
strata have been moved one against the other reducing 
the irregularities of surface and keeping the separate portions 
of the disjointed strata close together, while the portions 
rubbed off hy the friction at one part have served to fill up 
the intervals at another. In soft strata of clays and sands 
this operation generally closes altogether the seain of the 
feult, and therefore the superincumbent clays (a, fig. 16), 
remain as impermeable as if they had not been fractured. 

But it the strata, a, should be bard and compact, then. 
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uotwithstanding the great friction and lateral pressure, the 
irregularities of the fractured surfaces are such, that crevices 
may remain in the joining of the fault ; and when that is the 
case, if the water-bearing strata, 6, crop out at a level above 
that of the surface of the ground at the fault, then the water 
will tend to rise upwards through these crevices and issue at 
the surface, giving rise to springs proportionate to the dimen- 
sions of the water-bearing strata, the height of their outcrop 
above the level of the spring, and the size of the channels 
through which the water has to pass. But it is not necessary 
that b should be an arenaceous deposit ; it may consist of 
compact beds, providing that water can percolate through them 
by joints, bedding, and fissures — only that the supply will be 
less. Nor need it indispensably be overlaid by impermeable 
strata ; for if, by the operation of a fault, the fissures and 
planes of stratification are brought to abut against compact 
and unfissured portions of the deposit, the further passage of 
the water is stopped, unless, as in the previous case, it meets 
with crevices between the walls of the fault through which 
it can ascend.* This occurs occasionally in the chalk, and 
more frequently in some other formations. A small fault is 
often sufficient to produce such a result. 

This phenomenon, therefore, evidently effects by natural 
operations that which artificially is obtained by means of 
Artesian wells. 

* These springs are most common when the rocks are very hard, and the fractures 
comparatively recent. They probably would be of much more frequent occurrence, were 
it not that the older formations being overlaid to so great an extent by others of 
later date, the fractures, which existed anteriorly in the former, are covered and 
closed by impermeable [masses of the latter. Even when the fractures extend to 
the present surface, these springs are far from being so numerous as the multiplicity 
of faults might lead us to expect. 

This effective pressure, and water-tight condition of the edges of the fractured strata 
is, I conceive, one of the most decided proofs we have that the disturbances of the 
crust of the earth took place under very great lateral compression ; for this strong hy- 
drostatic test could sccirccly fail to indicate the presence, in all formations containing 
water-bearing strata, of vertical fissures and crevices if they were at all numerous. 
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In the foregoing cases it is assumed that no communication 
fur the water exists betweeu opposite sides of a fault ; either 
that the disjointed edges are, one or the other, impermeable, 
or that the smoothened surface of the walls of the fault, or 
else the debris whieh have filled their interstices, form an 
impenetrable barrier.''^ 

But cases may occur, although they are probably rare, 

where the walls of the fault being in close contact, a passage 

of water may take place from one permeable deposit to 

another of a different age, but placed by the disturbance on 

the same level. This is likely to happen especially when 

a scries of sandy strata are brought into juxtaposition with 

harder rocks, whose rough edges may project into the softer 

sands or sandstones; or when the difference of hydrostatic prea- 

snre is considerable. In this case the water from the water- 

r bearing strata on the one side, would tend to force itself into the 

I fissures and joints of the other truncated deposit, and through 

I them to rise to the surface within the area of the latter.-f 

Now, as these faults are prolonged indefinitely downwards, 
1 the continuity of the water-bearing strata may be broken at 
I any depth, and from that depth the water may rise to the 
I Burface. But the temperature of the crust of the earth is 
I feund to increase, in descending from the surface, at the rate 
I of about one degree for every 50 to 60 feet, consequently 
I the degree of heat of these springs will vary according to the 
I depth which the water-bearing strata have reached at the 
I point where they are intersected by the fault.J 

* The fhult in ihct tery gcncmlty pcesenu a DUiu of clay more or lenc thick , what- 
•Ter may bo the lilhological clinnicMr of tbe beds more immedialely oflected. 

i- May not tho Batb and ChellealiBm ^riugi poesibly be referable M somii mch 

w Sir Roderick MurchiBDn'g " Geology of the neighbonrbood of Cheltenham." 

i The occnirence of themml and cold springs along lines af/aall ia n fact which 

U long been Hlabliihed. In this connlry tbe hot BpringB nt Clifton neai Bristol, 

it Matl«Ii RIL> DXnmplcs of this pbenomeuoii, both issuing on Hnei of ditturbancii 

P ud fracture edsily obsrivnble. See tbe Important paper on this lubjcct by Prof. J. 

1 Forbes !n liie Phil. Trans, for 1836. 



216 APPENDIX C. 

These canses appear to be sufficient to account for the 
phenomena presented by most cold and many thermal springs, 
without having recourse, unless in exceptional cases, to the 
volcanic or chemical theories. The steadiness of the supply 
and the uniformity in the temperature and contents of the 
water, indicate the magnitude of the subterranean reservoir 
and the constant regularity of flow in the same channels.* 



APPENDIX C. 

On the Waters of the Lower Tertiary Sands and of the Chalk 

beneath London. 

Very few separate analyses have been made of the waters 
from the sands between the London clay and the chalk, and 
many of these are from sources which render it difficult to certify 
to their exact stratigraphical position. "f* There appears also 
to be a strong probability that some communication, either 
natural or artificial, exists between these two waters. Some 
writers have considered that the chalk supplies water 
to the deep sand-springs, whilst others, on the contrary, 
are of opinion that the sands supply the chalk. At a 

• From the foregoing observations it will be perceived however that the operation 
of faults is usually to interfere with and stop the underground flow of water. Were 
it not for this provision of nature, mining, in many instances, would be impracticable : 
•—it would especially be the case in the coed measures^ which are composed of so great 
a number of alternating strata, a large proportion of which consist of partially perme- 
able sandstones. The faults in them are generally so numerous that the continuity of 
the strata is constantly broken ; and the water which would otherwise have a wide 
and uninterrupted flow, is thereby restricted to separate and manageable sections. 
See Sir Henry De la Beche's ** Geological Manual," 3rd Edit. pp. 12 and 379. 

t In the case, however, of the Kentish Town well-waters very great care was taken 
to obtain distinctly the waters of each deposit. They were drawn from the separate 
strata at the respective depths mentioned in the analyses (p. 224.) 
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distance of a few miles from London the waters from these 
two deposits appear to be more distinct, and have each a se- 
parate character sufficiently apparent even without the aid of \ 
analysis : hut at London the few that have heen analysed ' 
show a chemical composition very nearly alike. Professor 
Brande observes, however, that in moat cases the water from 
the Lower Tertiary sands is not so pure as that from 
the chalk. 

The Lower Tertiary sands are in the main siliceous, althongh 
carhonate of hme is frequently present in not inconsiderable 
quantities. They contain subordinate beds of clays sometimes 
carbonaceous and pyritical, — layers of fossil shells, — the green 
silicate of iron in dispersed grains, — and occasional crystals of 
sulphate of lime ; consequently the water from this sonrce, 
althongfh generally good, cannot he always depended upon, 
it being occasionally slightly chalybeate, — sometimes not to- M 
sucb an extent as to be perceptible to the taste, or to be unfit ' 
for domestic use, — at other times so much so as to render it 
nnnsable for any purposes.* But the springs usually tend to 
improve by use. 

The decomposition of the iron pyrites (sulphuret of iron) 
by the joint action of the vegetable matter, and the water in 
the same beds, sets free not only the salts of iron, bnt also 
gives rise apparentlyto the evolution of sulphuretted hydrogen. 

In sinking wells this gas is sometimes met with, especially 
in wet and rainy weather. The quantity generally evolved 
is extremely small, and hardly perceptible when the flow 
of water is constant, but after being shut off for a few hours, 
the water, when first drawn, is sometimes perceptibly im- 
pregnated with it. This is more particularly apparent in 
some of the wells in the valley of the Lea. Exposure to the 
atmosphere for a few hours removes this impurity. 
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At Waltliam Abbey the water from these sands is used to 
a considerable extent, and is reported to be very good. The 
same at Water Lane, Edmonton. 

At Merton this water is preferred to that of the Wandle. 
At Tooting and Garret it is generally liked. 

Annexed (p. 224) are the particulars of a recent analysis, 
by Mr. R. Warington, of the waters from the Lower Tertiary 
sand and from the chalk in the same well at Kentish-town. 
They show a singular agreement, but one which would, I 
think, rather indicate a transfer of a portion of water from 
the sands to the chalk, than from the chalk to the sands. 

In many wells, when first constructed, the water from these 
sands is very impure, but this must not be considered as a 
criterion of their quality, for it is found that after the well 
has been in use for a few months the water almost invariably 
improves. The defects arise from local causes, and are, I 
believe, more particularly to be attributed to the variety of 
mineral character introduced into the Lower Tertiary in the 
neighbourhood of London, by the setting in of the fiuviatile 
beds so conspicuous at Woolwich and Lewisham.^ 

The Chalk. — The waters from this formation have been 
more frequently examined than any others. The quantity of 

♦ Mr. R. Mylne informs me as the result of his experience that, — " The water 
from the sands below the London Clay is generally both soft and wholesome, but in- 
stances sometimes occur to the contrary in new wells, particularly in the southern 
districts ; the water when first drawn being occasionally charged with impurities, 
impregnated with iron, and unfit for domestic use. Under these circumstances either 
by continuous pmnping, or after a lengthened use, a progressive improvement in the 
quality of the water invariably takes place. 

'* As the strata are known to differ considerably in their mineral structure, it is 
probable that the quantity of salts which they contain vary in different localities ; and 
consequently any excess of these soluble products at particular points might give rise 
to these exceptional cases. By the constant action of purer waters flowing from more 
distant points the objectionable ingredients are thus rendered less apparent and gra- 
dually pass off in solution. 

" In one district a few miles north of London the water obtained from the sands by 
any new boring usually contain a strong odour, with a peculiarly disagreeable taste 
which continues for two or more months, when the water at length attains its proper 
condition. 
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saline matter held in solution varies very considerably accord- 
ingly as the water is from the springs and streams on the 
surface, or from Artesian wells. 

In the former the water generally contains about 18 to 22 
grains per gallon of solid residue, of which from 15 to 20 
consist of carbonate of lime, 1 to 2 of chloride of sodium 
(common salt), 1 to 2 of sulphate of lime, and traces of a few 
other substances. These proportions are tolerably constant. 
The change exhibited in the water from the chalk beneath 
London is remarkable. The solid residue has increased on 
the average to about 55 grains per gallon, in which the car- 
bonate of lime is present to the extent only of 1 to 7 grains ; 
whilst there appears 12 to 18 grains of carbonate of soda or 
potash, together with 5 to 20 grains of the sulphates of the 
same bases, and 10 to 20 grains of chloride of sodium. 

Notwithstanding, however, the increase in the total amount 
of the salts, the presence of alkaline carbonates, and the 
decrease in the quantity of the salts of lime, render the water 
soft and generally good for many domestic purposes. 

Various reasons have been assigned to account for the large 
quantity of common salt contained in the chalk water be- 
neath London. It has been suggested that, owing to the 
exhaustion which has taken place in the wells, there is now 
an influx of the brackish waters of the Thames through the 
fissures of the chalk at its outcrop between Woolwich and 
Gravesend. It, however, need not necessarily arise from 
this cause. The quantity of chloride of sodium in the 
water also by no means increases in proportion as we ap- 

" The fact of water being temporarily surcharged with the products of the strata 
through which they pass is often exemplified in the springs of the extensive gravel 
deposits resting on the London clay. A disturbance of the ground from the con- 
struction of sewers and other similar works occasionally intercepts some of the sub- 
terranean channels communicating to the wells, and the water, consequently drawn 
from a new direction, is liable to become largely charged with sulphates of lime and 
other mineral and earthy salts, rendering it for a considerable period bitter to the 
taste, and wholly unfit for general purposes." 
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proach that outcrop of the chalk.* This salt is commonly, 
or rather almost constantly, present in all sedimentary rocks. 
Some recent experiments of M. Maumene have shown that 
it exists in as large a proportion in the wells of llheims, (a 
city which is situated in the midst of an extensive chalk plain, 
300 feet above the level of the sea, and 140 miles distant 
from it), as in the wells at London. He gives several analyses 
in which the quantity varies from 15 to 22 grains per gallon. 

It is possible that this salt may have been left in the 
chalk by the ancient ocean in which that great deposit 
was formed. We know it by its organic remains to be of 
marine origin. The fine texture of the mass and its strong 
capillary attraction, would render the drainage from it — after 
elevation into dry land — of the water with which it must have 
originally been saturated, a work of a very great length of 
time. But during the ages since its actual surface has been 
exposed to the action of rain water, the upper beds have been 
so washed that comparatively little of the chloride of sodium 
remains in them. But where the beds are very deep seated, 
and more especially when covered and protected by Tertiary 
strata, then although they may have been in a state of con- 
stant saturation, there has not been a sufficient flow and 
change in the water to effect the removal of the salt ori- 
ginally left in them. 

Another objection against any general infiltration of the 
Thames water, is the great variation which exists in the 
proportion of the saline ingredients in all the deep well waters 
that have been analysed. No two are alike. The quantity 
varies from 83 to 70 grains per gallon. This no doubt arises 
from the different levels to which almost all the wells are 
sunk, for the chalk varying slightly in its composition from 

* In two Artesian wells near the river at Greenwich, the waters of which were 
analysed by Prof. Graham, the chloride of sodium was present only to the extent of 
0*37 and 3*12 grains per gallon. 



FLUCTUATION OF SPRINGS WITH THE TIDE. 221 

the lower to the upper beds, and the water passing chiefly 
along the planes of stratification, the mineral matter which it 
takes up is likely to vary according to the different portions 
of the formation with which it comes into contact. If the 
waters were derived from the Thames, it is probable that 
their saline ingredients would show less variation, although 
the same lithological cause of differences would still of course 
continue to operate, but it would cause an addition to a con- 
stant quantity that would scarcely allow of the extent of varia- 
tion which now exists. The difference in general chemical 
composition of these waters would also be difficult to reconcile. 

In support of the infiltration of the river water, it has 
been shown that some of the deep wells in and around 
London are influenced by the tide to the extent of as much 
as from 2 to 4 feet, whence it has been inferred that there 
are communicating channels between the river and the sub- 
terranean strata, through which the water finds a passage. 

But this is a phenomenon common in water-bearing strata, 
particularly in those which are compact and in which water 
is transmitted through fissures, both near tidal rivers and near 
the sea. It is of frequent occurrence on our own coasts ; and 
is exhibited sometimes in the chalk plains of Picardy to a 
distance of several miles from the sea. Many of the wells round 
Abbeville are affected by the tide.* The varying pressure 
exercised by the sea at high and low tide has been found to 

• A curious case occurs at Noyelle-sur-mer (Somme).' Some meadows required 
a supply of fresh water for the cattle. An Artesian well was sunk to a depth of 55 
feet in the chalk. A supply of water was obtained rising at high tide just to the sur- 
face of the ground, but lowering 6 feet as the tide fell. A large pond was therefore 
excavated at the top of the well, and now the water, which is perfectly fresh and good, is 
forced in by the rise of the tide ; the orifice of the bore is then closed by a valve, and 
the fell of the water back into the subterrane<in reservoirs, as the tide retreats, is 
thereby prevented. A large and fresh supply of water is thus forced or pumped 
up at each successive tide by these natural and most effective means. 

' Baillet, ** Bulletin Soc. d' Encouragement pour T Industrie Nationale, 1822. 
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be perceptible txs far inland even as Lille, where there is no 
tidal river, and which is at a distance of forty miles from the 
sea.* It is evident that there are commtinicating fissures, 
in the one case with the Thames, and in the other with 
the sea, but they are fissures of discharge and not of recep- 
tion.-f* They are the vents by which the waters, held in the 
strata above those levels, escape ; as the column of water 
in the river or sea over these openings increases with the 
tide in height and weight, so does the increased pressure, 
which is thus exercised, retard or stop the flow of water from 
them ; or may even cause a reflux in the fissures of the rock, in 
which the water will tend therefore to accumulate and rise, 
until the pressure is removed again by the fall of the tide.J 

With regard to the other salts present in deep well waters, 
the mineralogical composition of the chalk afibrds an easier 
clue to the origin of most of them. The upper part of 
the chalk consists almost entirely of pure carbonate of lime. 
In descending, however, the strata become more and more 
argillaceous, until, on reaching the chalk marl, a very consi- 
derable per centage of clay is found mixed with the chalk. 
Iron pyrites is also disseminated in the chalk with flints, but 
in yet greater abundance in the chalk without flints forming 
the lower division of this formation. The hydrated per- 

* On some days the fluctuation was found to amount to about 17 inches, and on 
others, only to 1 inch. The greatest height of the water was always about eight hours 
after high tide at Dunkirk. The maximum yield of water under these circum- 
stances was 63§ litres per minute, and the minimum 35 litres. This is so remark- 
able a case that the *' Academic des Sciences^* obtained the report of a Oovemment 
Engineer upon it. All the changes during a period of five weeks were very carefully 
noted.—" Rapport" by M. Bailly, Comptcs Rendus. T. 14. p. 310, 1842. 

t It must be admitted, however, that at London, where the exhaustion by pump- 
ing is now so great, as the sand and chalk which supply the deep well water crop 
out at so short a distance down the river, such an infiltration is possible. Should 
it however occur, it appears to me, upon geological grounds, that the water is more 
likely to pass into the chalk beneath London, indirectly by the medium of the over- 
lying sands, than directly from the outcrop of the chalk itself below Greenwich. 
This view would avoid some of the difficulties I have alluded to. 

t See also note, p. 193. 
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oxide of iron occurs in small quantities throughout the chalk. 
Fragments of wood are also found dispersed, although iii 
small and rare fragments. The exuvias of animals (coprolites), 
which are occasionally found in the chalk, contain phosphate 
of lime. These substances are all sufficiently apparent, and 
constantly come under the notice of the geologist. 

It remains to be determined by future investigation, — 
whether, according to a suggestion of Prof. Playfair, the 
alkaline carbonates owe their origin to the presence of de- 
composable alkaline silicates, which, by their affinity for free 
carbonic acid, abstract that holding the carbonate of lime in 
solution, which is therefore precipitated, and alkaline carbo- 
nates formed ; or whether, according to the views of licrthol- 
let, the reciprocal action of a dilute solution of chloride of 
sodium in intimate and long continued contact with carbonate 
of lime, under certain conditions of pressure and temperature, 
is such as to produce their mutual decomposition. 

With regard to some portion, however, of the saline in- 
gredients found in the waters of the chalk beneath London. 
I believe that they often owe their origin to an infiltration 
(not general but in places) of water from the more varied 
mineral mass of Lower Tertiary sands so immediately over- 
lying this formation. 

In the table, p. 224, I have given some of the most 
recent analyses of the waters of the London district. They 
present a fair average of their general character. Appended 
to this list is the analysis of the water of the Artesian well 
of Grenelle. 

In addition to the fuller particulars given in the table, is 
the annexed list of some more general results, showing merely 
the total quantity of solid residue in other river and Artesian 
well waters at and near London.* 

* Chiefly from analyses by Prof. Brande and Mr. Warington. 
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River Waters. 

Grains per Gall. 

Thames at Teddington 17*4 

„ at Westminster 24*4 

„ at London 28*0 

River Lea, Ware 22*0 

River Mimram, Hertford 20*5 

New River . 19*2 

River Ravensboume at Deptford 20*0 

Artesian Wells in the Chalk, 

Belvedere Road, Lambeth 50*0 

Berkeley Square 60' 

Hampstead Road . * 49*3 

Tra&Igar Square, (Brande) 68-9 

Camden Town 44*0 

Greenwich Hospital 27*30 

The proportion of saline ingredients in the waters of these two sources affords 
no criterion of their relative hardness. In &ct, from the large preponderance of alka- 
line salts, the Artesian well water is soft, averaging about from 4° to 6° by Dr. 
Clark *s standard, whilst the hardness of river and of the superficial chalk water, ranges 
from about 12° to 20°. The hardness of the shallow well water is very much greater 
than either of the above, reaching to as much as 40° and 60°, or sometimes more. 

The temperature of the Artesian well waters varies, according to the depth of the 
weD, from about 54® to 62° (being very commonly about 58°) ; but it is constant at 
each well. 

While upon this subject I also add a list of the total 
quantity of solid residue found in some of the shallow land 
springs of London.* They afford a fair criterion of the large 
amount of saline ingredients usually existing in the gravel 
springs. In appearance these waters are perfectly bright and 
limpid, and many of them are in much repute as good drink- 
ing waters. They have certainly suffered from the construc- 
tion of sewers, the laying of gas-pipes, and numerous other 
causes of impurity ; but it is a matter of surprise that the 
injury should not have been greater. There seems to exist 
in the common ochreous gravel of London some remarkable 

* The earliest analysis of the shallow well waters appears to have been made by 
Cavendish in 1766. An account of it will be found in the Phil. Trans, of that date. 
It refers to the Rathbone Place spring, which was at that time raised by an engine to 
supply the neighbourhood. The per-centage of solid residue is large (17*5 grains in 
7315) and in the main correctly distinguished — consisting chiefly of carbonate and 
sulphate of lime. See his Life in the works of the Cavendish Society. 

Q 
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properties, not only as a filtering material, but also as one 
which tends to rid the water of its organic impurities. 

Shallow Well and Pump Water.* 

QrainsperOall. 

The Treasury ........ 63*0 

St. Paul's Churchyard 76-0 

Postern Row 880 

St. Martins' 95-0 

Belvedere Road, Lambeth IIO'O 

Old Street, St. Luke's 1100 

St. Giles 105-0 

Bream's Buildings 115*0 



APPENDIX D. 

On the Bslation of the Geological Changes^ — accompanymg the 
formation^ and determining the Lithological Character^ of 
the Sedimentary Deposits^ — with the present condition of the 
Waters in their Water-hearing Strata. 

In considering this question it will be sufficient for our 
purpose if we divide rocks into — 1. those of igneous origin, 
or subsequently modified by igneous action, and — 2. un- 
altered deposits of sedimentary origin. As a breadline of dis- 
tinction, the first exhibit chemical phenomena in which atmo- 
spheric agents have not necessarily had a part ; whereas the 
second, having been formed from the degradation of previously 

* These particulars are taken from a paper hy Pro£ Brande, in the Quart. Joum. 
Chem. Soc. Vol. II. p. 435, 1850,— except that of the Treasury Pump, which is hy 
Dr. Bostock, 1834. The residue of this last consisted of carh. lime, 34*3, sulph. lime, 
16*1, and chlor. sodium, 12*6 grains per gallon. The yaluahle series of experiments 
recently performed hy ProfL Brande and Mr. Warington, for Mr. Rennie, and con- 
tained in his ** Report on the supply of water to he obtained from the district of 
Bagshot,^' 1 850, affords much information on the subject of the composition of the 
waters of the stream and wells of the chalk, as also of the streams of a portion of 
the Bagshot district. 
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existing lands, were inevitably exposed during their progreas I 
to tLe fall effect of those agencies. With the former 
changes generally had a tendency to deoxidise, and with the 
latter to oxidise, the masses affected ; and consequently we 
have chemical products of very different afEnities and degrees 
of solubility in those two classes of formations. 

A large portion of the rocks of igneous origin consist of 
silica, partly pure, and partly combined with earths and al- 
kalies. In the first case they are insoluble, but in the latter 
they often form mineral masses, which are slowly decom- 
posed by water holding carbonic acid in solution, and they 
then produce soluble alkaline carbonates, and insoluble resi- 
duary earthy silicates. 

The older rocks of sedimentary origin, or oven those more 
recent ones which have been modified by beat, are composed of 
strata frequently resembling in parts very closely some of the 
igneous rocks in their general character ; but their lithologi- 
cal structure is less varied and crystalline, and presents fewer 
portions affected by atmospheric influences. 

With respect to the nature of the saline ingredients set free 
by these rocks, it is to be observed that the purer alkaline 
eilicates consist of silica in combination with alumina on the 
one side, and with potash generally, and soda occasionally, on 
the other. Their decomposition by carbonic acid gives to the 
' water the carbonates of potash and soda and traces of silica, 
leaving an insoluble silicate of alumina, which forms the basis 
of all clays. Other silicates are more complex, containing, — 

I either instead of, or in addition to, the above named alkalies, 
— lime and magnesia, and sometimes iron, all of which may be 
liberated by the decomposition of the constituent minerals. 
These elements, in different forms and with slight vari- 
ations of chemical composition, compose the mass of all the 
first-mentioned class of rocks, and supply the bases, which, 
united to various acids (the muriatic, sulphuric, and carbonic 



228 APPENDIX D. 

chiefly), form the great bulk of the soluble salts found in 
waters. Their degree of solubility varies, however, very greatly. 
Ml the salts of potash and soda are soluble, — a property 
possessed by no other base. Of the salts of lime, magnesia, 
and iron, some are soluble and others insoluble. In the 
latter category are their carbonates (their most common 
form), but when the water contains free carbonic acid, portions 
of these minerals are dissolved by it, — an ordinary canse of 
mineral impregnation. 

In the thermal and mineral waters of crystalline and schistose 
rock districts, the above noticed minerals are of common 
occurrence ; and others, not here mentioned, including various 
phosphates, fluates, &c., are found occasionally. The former, 
however, may be considered as constant, and the latter 
merely as exceptional ingredients. 

The different regions formed by these rocks present striking 
contrasts with regard to their water-supply. Over large areas 
they consist of hard, massive, and comparatively indestructible 
siliceous rocks (quartz, rock crystal, and granite in part), and 
compound earthy silicates (schistose rocks or slates), over 
which water will flow almost as pure as it falls. In other tracts 
compound alkaline silicates (all varieties of felspathic rocks, 
granite in part, and almost all basaltic and trap rocks) and cal- 
careous strata prevail. Some of these are as hard and durable as 
those of the preceding group; but others, on the contrary, disin- 
tegrate (often rapidly) by exposure to the atmosphere, and by 
the action of carbonic acid and oxygen in the surface waters.* 

* The spring and river water in the granitic district of Aberdeen is stated to be 
amongst the purest in the kingdom, being very soft (one to two degrees of hardness) 
and containing very little solid residue ; whereas the ordinary weU water in the 
granite district of Kingstown, near Dublin, is very impure, containing, I am informed 
by Mr. R. Mylne, from a recent analysis of Mr. Warington, as much as 89 grains of 
solid residue per gallon, and showing 20° of hardness. Whether the proximity of 
the sea, or of the-Limestone at Blackrock, may effect this result, is questionable. The 
Granite, however, contains decomposing minerals ; and the water, standing in the 
wells, is more liable to contract impurities. 
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But ill the case of the other sedimentary deposits the con- 
ditions are widely difFerent. They are formed, it is true, from 
the debris of the older formations, — the siliceous roclts and 
minerals, and the veins of quartz in the schistose strata, 
furnishing quartz pebbles and quartzose sand, — the silicates 
of alumina decomposing into clays,— and the granites and 
porphyries into sands, grits, and clays. At the same time 
kmy lime present in the decomposing mineral masses abstracts 
K'the free carbonic acid from the water to form carbonate of 

■ lime, so conspicuous a substance in the sedimentary strata; 
I whilst the more soluble alkaline salts remain in solution in 
tthe water, which effected the degradation of the mass, and 
I the transport of the debris,* 

The adjustment in the contents of the waters, which takes 
Lplace with reference to the effects of these changes, is ex- 
remely beautiful. So long as the original rock masses were 
|«K eitu, their waters possessed properties peculiar to each 
leparate locality ; and if the solvent power of water remained 
Las great for the whole of those soluble salts taken together, as 
Lfiir each group separately, then there would be a probability 

■ Jihat the strata, derived from the debris of these rocks, — . j 
Ipresenting aa thej- do a structure and composition fitted, 
■.from their more open texture, to facilitate the further action 

' water, — would tend rather to increase than to diminish 

Lthe average quantity of mineral matter that might be held 

in solution. But in the first place the whole mass of the 

* This BUggcstB Ihe. question whethpi the quantity of udme inatlcr in tlie ancient 
Kaa WBB not, of necessity , Iebb in the esrly, than at subBequeii t, periodB ; liic at tbe eimpis 
salts of potaah andaoda are all, witlioat a single exception, soluble, tbesc nlksliea, whan 
once liberated from the mineral nuusea with which they vere originally combined, 
could only bs Mparated from the water by evnponition U dryness, — an improbable 
' by marine vegetation, which would be iiiBufHcient ; a small portion 
raid certainly be fijted during the desiccation of the strata, bnt that would only 
nouni to the quantity held in the compamtiTuly small proportion of water left in 
n eleiated. All other bases give salts, some of which are jusolubte, 
1 therefore admit of precipitation frum tlia water, and a return to 
M the time. 
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sedimentary strata haying, in the coarse of transport as debris 
from the land to the sea, been, as it were, washed, all the 
salts immediately soluble must have been removed. The 
reconstructed mass would then in £Eu;t be formed of the most 
unalterable debris of the older rocks, and of those portions 
of them which undergo change slowly. Further, in any 
decomposition by aqueous agency which might afterwards 
take place in these newer rocks, the variety of mi- 
nerals, brought together into the same deposit, generally 
not only effectually prevent, by their variable chemical affini- 
ties, any excessive saline concentration, but more often tend 
by their mutual reaction, and by forming insoluble precipi- 
tates, to free the water from its mineral impurities. 

In the older rocks the springs derive their properties from 
some peculiarity of the particular bed or vein, through which 
the water passes before rising to the surface. Some hold 
metallic salts in solution, others alkaline, and some are aci- 
dulous. The sedimentary strata will necessarily include, in- 
discriminately in the same deposit, materials originating from 
these various sources. The debris of felspathic rocks, which 
are almost always, to a certain extent, decomposed by the 
action of the air and water, set free alkalies, alkaline earths, 
and alkaline carbonates, all of which react upon metallic salts, 
precipitating them generally as insoluble oxides, or some- 
times as carbonates. These salts are also decomposed in the 
presence of alkaline sulphurets and almost all phosphates. 

The muriates and sulphates of lime and magnesia are in- 
compatible with the alkaline carbonates ; ^ whilst carbonic 
acid precipitates lime and magnesia by converting them into 
insoluble carbonates, although a further quantity of this gas 
has the property of dissolving a portion of them again. Ex- 
posure to the air, even without the presence of reagents, 

* To what extent they react one on the other when in a state of very great dilution 
in natural waters is however doubtful, see note p. 158. 
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converts several solable salta into others which are insoluble. 
ThiiSy where the midergroimd water contains an excess of 
carbonate of lime, it liberates, on reaching the snr&ce, a por- 
tion of carbonic acid (the solvent of the carbonate of lime), 
and this mineral is precipitated. This is a well known 
phmomenon of common occnrrence. 

The sulphates of which the bases are very oxidizable 
absorb ozyg^^i &om the air, and are converted into insoluble 
sub-salts of the peroxides^ and into super-salts^ which remain 
in solution. The protosulphate of iron acts in this way. 
Under water, on the contrary, sulphates in a very diluted 
state, and in presence of organic substances, part with their 
oxygen, and are converted by slow degrees iuto sulphurets. 

The object of the foregoing observations is to call attention 
to the leading &ct, that in arenaceous strata produced by the 
destruction of older and crystalline rocks (whether directly or 
indirectly is immaterial), the whole of their component mineral 
matter has been sueeessivefy exposed to the action of air and 
water ; and consequently that the oxidizable portions must in 
greater part have been oxidized, — the soluble salts dissolved 
out, — and the incompatible salts decomposed, — before they 
were accumulated in their present position. As the waters, 
which served as a menstruum, retired, traces, merely, of 
the presence of these salts were left in the desiccated 
strata. Knhlmann and Yogel have found salts of potash and 
soda in all sedimentary calcareous rocks ; and the analyses of 
mineral waters, as well as of river and well waters, sliow tlmt 
the chloride of sodium (common salt) is very generally pre- 
sent. 

The quantity of these salts remaining in the strata will de- 
pend chiefly upon the capillary attraction of the mass, which 
is strongest in argillaceous and calcareous, and weakest in the 
arenaceous strata. In these latter, therefore, they may have 
been in great part washed out by subsequent in filtration uf 
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water; although that will depend materially upon whether 
the formation has, as a whole, been elevated, subsequently to 
its consolidation, into such a position above the sea level as to 
admit of its drainage and of the subterranean passage through 
its mass of the water from its outcropping surface. I do not 
now take into consideration the occurrences of rock salt, 
gypsum, or any local deposit of mineral matter. These are 
particular occurrences arising from some specific cause. The 
present observations refer solely to general conditions. They 
are made to show a general principle tending to counteract 
the solvent power of water, and to maintain the great mass 
of subterranean waters in a state of comparative purity,— 
and are not intended as a sufficient explanation of the occa- 
sional and interesting local causes which give rise to unusual 
saline states of the waters, and to mineral springs.* 

Synchronously with the accumulation of some of the older 
sedimentary strata, we find traces of the commencement of 
organic life. This introduces an important element in the 
chemical changes which took place in these rocks; for as 
animal and vegetable matter became widely spread, it could 
not fail frequently to affect and modify the chemical nature of 
the deposits ; particularly if, as there appears every reason 
to believe, the temperature of the surface was then conside- 
rably higher than it is now. The presence of animal and 
vegetable matter in a state of decay, either dispersed in 
accumulating strata, or else diffused in water, tends to de- 
oxidize various minerals and salts. Under these conditions 
sulphuretted hydrogen and carbonic acid gases would be 
generated by the decomposition of the sulphates, and the 
latent combustion of carbonaceous substances: the peroxide 

* For information on this subject I would particularly refer to the valuable Papers 
of Dr. Daubeny, in the Edinburgh New Philosophical Journal for 1831, and in the 
Transactions of the British Association for the Advancement of Science, for 1836 : to 
Dr. Gairdner*s treatise *^ On Mineral and Thermal Springs,** Edmburgh, 1832 : and to 
Prof. James Forbes*s Paper in the Philosophical Transactions for 1836. 
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of iron would also be converted, first into the protoxide and 
then into the carbonate. The presence of vegetable matter 
would fiirther affect the alkaline silicates, by supplying car. 
bonic acid to their bases, whereby the silica would be pre- 
cipitated, and alkaline carbonates disengaged. The effects 
of subterranean heat on rocks so composed, would likewise 
have to be considered. 

This subject is one of too great an extent to allow me to do 
more than indicate thus generally its importance and interest, 
with reference to the influence of former geological changes 
upon the present condition of the waters in some of the 
permeable sedimentary deposits. 



APPENDIX E. 

On the Cost of some Artesian Wells in England and on the Con- 
tinent, with reference to the prohahU expense of sinking Wells 
of this description into the Upper and Lower Greensands he^ 
neath London. 

Into this question, as matter of exact estimate, I am not 
competent to enter. But as some particular facts serving as a 
rough criterion of the probable cost of such works may be 
thought desirable, I have collected a sufficient number of cases 
to illustrate the actual expenditure that has been commonly 
incurred, and the great difference of cost between shafted 
and lored wells ; and as data for some general calculations. 

Owing to the water-level in the Artesian wells of London 
being at a depth of 40 to 60 feet below Trinity high-water 
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mark, it is, in almost all cases, found advisable, or necessary, 
to sink shafts to a short depth below that level, and then to 
bore either into the Tertiary sands, or into the chalk when 
the supply of water from the former is, as now frequently 
happens, deficient. This not only causes a considerable in- 
crease in the first cost, but it also necessitates a large outlay 
for engines ; whilst the pumping up of the water becomes a not 
unimportant annual charge. 

But, on the contrary, when the water rises above the sur- 
face, and boring alone suffices, the expense is comparatively 
light ; it increases, however, very rapidly in proportion to 
the depth.* 

The first part of the following list (i to 3) serves to show 
generally the cost of the large deep wells in London ; and it 
will not be found surprising that the expense has been con- 
sidered a serious objection to their extension. Where a 
smaller supply of water is required, and the works consequently 
are not so heavy, or where the difficulties of the work have 
been less, a great reduction in the cost is apparent. (4). 

The latter part (6 to 8) of the list exhibits the much 
more moderate cost of true Artesian wells, i, «., wells in 
which the water overflows at the surface, and which therefore 
only require tubular bores. At Cambridge, although short 
shafts (12 to 15 feet deep) are necessary, the wells are so 
numerous that the expense of construction seems to be un- 
usually small. 

Now, as the waters from the Upper and Lower Greensands 
would probably rise everywhere above the surface at London, 
tubular bored wells would alone be required, without pumps 
or engines to bring up the water to that level. But the 
depth to which it would be necessary to bore much exceeds 

* 10 feet can be bored for 5a.; 40 feet 21, I0«.; 60 feet 5L Bs,; 100 feet 13/. Us^ 
and so on in proportion. The charges, however, vary, and are often less than this. 
But this shows the proportion generally, and points out the rapid ratio of increase. 
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that of any of the weUs ia or near London. We thereforel 
have no evidence from actual experience in this country i 
apecting the coat of such works,* and we must refer to thoBO I 
wtiich have been conatructed io France. Some of the data 
there furnished are peculiarly applicable, as we find wells 
traversing strata, considerable portions of which are of the 
a lithological character as those occurring beneath London. 



'Trumnn, Haubucy, and Co.t 

'ReidanaCo.t 

•BlackwaU Railwajg 

•Zoological Sodet}-, Regent's Fuk|| . . 

'Modal Prison, PentonTille^ , 

'Lunatic Asylum, Colnef HatcK" ■ . 
'St. Mary Woolnolh, Lombard St.tt ■ ■ 

■WaMr Lime, EdmonWntt 

'WallliBni Abbeytt i 

WigbotoBgh, Egseitt ■ 

'I.onghlontt 

''Mitchom^nT 

'Cambridge j$ 

' A eliaft Eunk ihrongh the Tertiary strata, and a bore into ibe chalk. 

' A shaft sunk the whole depth. 

' No particnlarB given. 

* Shafts sank to base o( the London clay, then bored the rcmainiDg depth. 

' Bored ths whale depth, just reaches the chalk. 

' BoreiJ the whole depth,— ending at the top of tlie lower sands OTerlying the chalk. 

' Bored tlie whole depth through the London clay. Lower Tertiary sands, and into 

the chalk. 
' Boreg through the Oault to the top of the Lower Grcenund. 



■ The Southampton and Chichester wells. Chough deep enough, do not meet the case. 

t Davison, Proc. Inst, Civ. Eng. for 1B42, p. 194, The additional coat for engine 
and pumpa amounted to I,35W. 

i Bmithwaite. " Inclniiea the hire and repair of temporary pump, and the cost 
of two new sets of permanent pumpa." Proc. Inst. Civ. Eng. for 1843, p. 165. 

$ Braithwaita, Report of the General Board of Health on the Water Supply, 
1B50, Evidence, Appendii No, II. p. 98. 

II ZodI. Soc. Reports, IBBG; but since carried seven feet deeper. Includes cost of 
engine house and reservoir. ^ Communicated by Dr. O.O. Rees. 

•• Report of Committee of Visitors, January, 1 B50. Includes cost of pnmps, 

it ManuBcriplBotthelatoDr, Mitchell. Jt Mr. Nightingale. i§ Mr. Detfc. 
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Situation of WeU. 



Paris, abattoir de Crenelle* 

Calais j: 

St. Fargean, Dept^ Yoime$ 

Lille, f, NordJ ........ 

Crosne, „ Seine and Oise^ 

Broa, „ Mame$ 

Ardres, „ NordJ 

Claye, m Seine and Mame$ 

Chaville, „ Oise$ 

Donchery, ^ Ardennes^ . . . . 
Kissengen, Bavaria|| 





Depth. 






In 




In strata 




Tertiary 


In 


beneath 






strata. 


chalk. 


the chalk. 


Total. 


Cost. 


Feet. 


Feet. 


Feet. 


Feet. 


dff 


148 


1394 


256« 


1798 


14,500t 


241 


762 


135««» 


1138 


3,560 


• • 


120 


546» 


666 


1,216 


25 


200 


367«» 


592 


320 


333 


• • 


• • 


333 


190 


246 


• • 


• • 


246 


200 


132 


22 


• • 


155 


64 


108 


• • 


• • 


108 


78 


65 


• • 


• • 


65 


15 


• • 


• • 


• • 


1215 


3,045 


• • 


• • 


1878C 


1878 


6,666 



* Oreensand and gault. ^ Carboniferous series. 

^ Bored the whole depth through the New Red Sandstone. 

M. Degous6e has recently informed me of his having contracted to bore an Artesian 
well at Rouen to the depth of 1080 feet (through the Lower Cretaceous and Oolitic 
series) for 1,600/., — expenses of every description to be defrayed by him. This he 
states he is enabled to do in consequence of using some new machinery, and by the 
application of steam power. 

M. Degous^e has also constructed three Artesian wells in different parts of France 
to a depth of about 820 to 830 feet each, at an expense, including tubes and all 
expenses, of from 600/. to 1,000/. The Calais well offers a very near counter- 
part of the deposits which occur beneath London, but the difficulties of the first 240 
feet much exceeded those which would be met with here, and the Chalk is probably 
100 to 200 feet thicker. There and at Paris, the first 1,000 feet cost less than 3,000/., 
and at Donchery apparently not much more than 2000/. 



* Communicated by M. Mulct, the engmeer of the work, who states however that 
a similar work could now be executed for 10,000/. 

t This includes two sets of tubes and the constructions over the welL There were 
a number of extra expenses attending this work, arising from the novelty of the under- 
taking. The contract for the first 1312 feet was 4,000/. 

X Report of M. Legros-Devot, mayor of Calais. This well was first carried down 
to a depth of 1047 feet for 3100/., or rather for .that sum less 10,000 francs, to which 
M. Mulct would have been entitled, had the work been successful. The tubes 
were only temporary. The Tertiary strata presented considerable difficulties. 

§ Degous^e, ** Guide du Sondeur.^* M. Degous^ also mentions that the sixteen 
Artesian wells which he constructed at and near Tours cost together 5,872/., the 
average depth being nearly 500 feet. They traverse the chalk and part of the 
Grecnsand series. Only part (less than half) of these wells were tubed. Guide, 
p. 450. 

II Dr. Granville, letter to the Times, Aug. 23rd, 1850. 



COST OF ARTESIAN WELLa IS PRAKCE. 
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In the north of France generally the Tertiary strata bear a 
close resemblance to those of tliia country. In the neighbour- 
hood of Paris they become more varied and are more difficult 
to bore through. The Chalk, Upper Grreensand, and GJault, 
are almost identical with the same deposits here. 

Works of small depth, and through the Tertiary series, ap- 
pear to cost less in this country than in France. Even in wells 
partly dog (and steincd) and partly bored, the expense is now 
comparatively moderate. Thus at the Colney Hatch Asylnra 
we find that a shaft was dug to the depth of 14i feet, and 
then a bore carried to a further depth of 185 feet, at an 
expense, including steining and pumps, of 1,273^.; and at 
the New City Prison, at Holloway, a shaft 5 feet in diameter 
was sunk to the depth of 217 feet, and a bore of 10 inches 
then carried ]02 feet into the chalk, for 1,S00^.; while at 
Longhton, according to Dr. Mitchell, a depth of 535 feet 
was bored for about 7501. 

Allowing therefore for the difierent value of labour and 
superintendence, there can be, I conceive, no reason why, 
in other respects, the greater depths should not be attained at 
nearly the same cost at London as on the continent. Estimating 
this difference, on data for which I am indebted to an English 
engineer who has resided several years in France, at about 
one third extra, and assuming that the Upper Greensand is at 
a depth of not more than 800 to 900 feet beneath London, then 
it should be reached by an Artesian boring at an expense cer- 
tainly not exceeding 1,800^. to 2,500^. and in the same way tha 
Lower Greemand at about 1,000^. more. (This last to allow 
for greater diameter of bore, as well as for increased depth.) 

Considering the large dimensions, and the height above 
London of the outcrop of the Lower Greenland (i 
the velocity with which the water would issue from the bore- 
pipes), it seems to me perfectly possible to obtain from it 
at any given point, by means of a single Artesian well, li 
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238 APPENDIX E. 

to 1^ million gallons of water daily, and from the Upper 
GhreenMnd^ f to I million gallons. If, therefore, there were 
constmcted, at certain distances, groups of three of such wells, 
of which two in the Lower, and one in the Upper Greensand — 
one of the former being kept in reserve, and the other two in 
constant use — each separate group would possibly yield 2 to 
2^ million gallons of water daily. The construction of these 
groups might be continued in a circle around London, so long 
as the water-bearing strata yielded supplies which, after the 
equiUbrium among the wells was established, should maintain 
a permanent value. ^ Should the anticipated results succeed 
so as to be able to increase the groups to the number of fifteen 
to twenty, without diminishing their respective efficiency, 
such a series might probably furnish to the Metropolis a 
supply of from 30,000,000 to 50,000,000 gallons of water 
daily, at an expense (for the wells only and the delivery 
taken at, or rather above the surface) in the ratio of the 
above mentioned probable cost of construction, i, e,y of from 
100,000^. to 190,000Z. 

* To obtain this pennanence an indiscriminate use of this source of supply is a 
danger indispensably to be provided against. 



EXPLANATION OP MAP AND SECTIONS. 



Map. 

The geographical outlines and riyer courses are an exact transfer from the larger 
(ten inches to the mile) Index Ordnance Map. The geological boundaries of the 
Tertiary series are reduced from my own observations, laid down on the ordinary 
Ordnance Map of one inch to the mile. As this map, therefore, bears a fixed relation 
to the Ordnance Map, the geological position of any other places than those given, can 
readily be determined, by reference from the larger Ordnance, to its reduced Index 
Map, and by transfer to this one. 

The geological boundaries of the Upper and Lower Greensand are taken chiefly 
from Dr. Fitton^s Map in the 4th Vol. 2nd. Ser. Trans. Oeol. Soc., and from Mr. 
Oreenough's Geological Map of England. I have introduced, however, a few altera- 
tions in the Cretaceous districts westward of Cambridge and Maidstone (see p. 75). 

The superficial deposits of Drift and the Crag, are not represented. 

On the chalk of Surrey there are a few detached Tertiary outliers, and a greater 
number in Berkshire, Buckinghamshire, and Hertford ; they are omitted in the 
Map. (see t 20.) 

The lines of disturbance are only laid down generally; they are rather too straight ; 
this however is only relative. 

The main line of E. and W* disturbance, passing by Deptford and Windsor, forms, 
with the dotted line passing N. and S. up the valleys of the Ravensboume and Lea, 
the boundaries of the four divisions under which the geological structure has been 
considered. The large outline capital initial letters mark the position of these 
divisions. 

The figures on the Map indicate the approximate height of the country (following 
the course of the rivers, and necessarily therefore the lowest levels of the several 
districts) above high-water mark. Trinity Standard (isoo) at the London Docks.* 
For the height of the zones of outcrop between these points see p. 144. 

The greater number of the rivers and streams are laid down in order to show the 
bearing of the several geological formations on the superficial drainage. 

The fifdnt dotted lines mark the boundaries of counties. 



Sections, 

Thb relative thickness of the different formations is given generally ; but the 
scale being small, the proportions are not quite exact. 



♦ In the reference to Trinity high- water level in the sections for ''London Bridge" 
read " the London Docks." 



240 EXPLANATION^ OF MAP AND SECTIONS. 

The scale of depth to distance is as 6*3 to 1, for the purpose of showing more 
readily the main features of the phenomena. In looking at the dip of the strata this 
must be taken into account. 

The figures mark the heights abore Trinity high«water lerel at London. 

In Section No. 1, the surfiioe of the chalk between Highgate and Tooting is repre- 
sented as rather too lerel ; it should rise more towards both these places. 

In Section No. 2, the points ** a" show the position generally of the springs of 
the Bagshot Sands. 
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